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PREFACE 


This  l)ook  treats  of  pathology  from  the  morphologic  point  of 
view.  The  aim  constantly  in  mind  has  been  to  jiresent  the  subject 
biologicall}',  first  by  ascertaining  so  far  as  possilile  the  cellular 
elements  out  of  which  the  various  lesions  are  built  up,  and  then 
by  tracing  the  development  of  the  lesions  from  the  simplest  to  the 
most  complex. 

The  principle  followed  may  be  stated  in  another  way.  In 
order  to  understand  an  end  result  such  as  sclerosis  of  an  organ  or 
tissue  (for  instance,  cirrhosis  of  the  liver  or  chronic  nephritis)  it  is 
necessary  to  find  and  study  all  the  various  acute  lesions  which  may 
ti'rniinate  in  sclerosis.  Frequently  much  the  same  end  result  may 
be  produced  in  several  different  ways.  Once  the  complete  de- 
velopment of  the  various  lesions  has  been  traced,  then  the  final 
result  becomes  more  intelligible,  so  that  we  are  often  able  in  a 
given  instance  to  surmise  or  even  to  state  definitely  how  it  arose. 
In  other  words,  we  are  in  a position  to  read  the  process  backward 
with  some  degree  of  certainty. 

The  morphologic  side  of  pathology  is  difficult  for  many  students 
to  comprehend.  To  them  it  is  a dead  subject.  They  cannot  read 
the  cell  changes  going  on  and  visualize  them  into  an  active  process. 
Moreover,  it  requires  ]iatience  often  extending  over  many  years  to 
collect  the  tissues  most  suitable  for  study  and  for  teaching  pur- 
poses. Even  then,  with  the  pathologic  problems  made  as  simjile 
as  possible  by  having  ]:>erfect  tissues,  perfect  fixation,  and  the  best 
of  stained  sections,  the  lesions  are  not  always  easy  to  read  and  to 
inter]:>ret.  On  the  other  hand,  recourse  to  animal  ex]:>erimenta- 
tion  has  often  served  to  confuse  a subject  ratlier  than  to  simplify 
and  clear  it  up. 

In  pathology  the  lesions  themselves  are  the  original  sources  of 
information.  It  is  necessary  to  keep  going  back  to  them  in  order, 
by  means  of  constantly  improved  technic,  to  reinter]:)ret  the  changes 
which  ar('  taking  place.  The  literature  of  a ])athologic  subject 
rej:)r('sents  the  history  of  the  study,  understanding,  and  inter- 
pretation of  the  lesions.  It  is  much  less  inqiortant  than  the  study 
of  the  lesions  themselves.  Hence,  not  the  liti'rature  of  a patho- 
logic subject,  but  perfect  tissue,  fixed  and  stained  by  the  best 
methods,  affords  the  greatest  opportunities  for  advance.  It  is  in 
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this  way  that  tliis  book  has  l)een  written.  It  is  l)ased  so  far  as 
possible  on  the  stud}'  of  lesions  from  the  earliest  to  the  most  de- 
veloped, not  on  what  some  one  else  has  written  about  them.  At 
the  same  time  use  has  been  made  of  the  literature  to  avoid  going 
a.stray,  at  least  too  far,  and  in  order  to  obtain  other  men’s  itleas. 
The  “ Pathologische  Anatomie,”  editetl  by  Aschoff,  has  been  par- 
ticularly helpful  in  this  respect  and  much  use  has  been  made  of  it. 

This  book  is  based  i)riniarily  on  a study  and  analysis  of  the 
pathologic  material  collected  during  the  past  sixteen  years  in  the 
Pathological  Lal)oratory  of  the  Boston  City  Hospital.  In  addi- 
tion, I am  indebted  to  Drs.  J.  H.  \A'right,  S.  B.  Wolbach  and  L.  J. 
Rhea  for  the  use  of  their  collections,  which  they  have  freely  and 
generously  placed  at  my  disposal.  I am  also  under  great  ol^liga- 
tions  to  many  of  my  former  and  present  assistants  for  help  in 
many  ways  and  especially  for  the  use  of  tissues  showing  lesions 
which  I had  been  unable  to  obtain. 

The  l)ook  is  incomplete  owing  to  lack  of  time  and  of  pathologic 
specimens  which  would  render  possible  the  study  of  all  stages  in 
the  development  of  the  various  lesions.  The  book  as  it  stands 
affords  a framework  on  which  to  Iniild  in  the  future  if  it  seems  to 
fill  a want.  Some  parts  of  it  are  more  or  less  re])resentative  of  the 
ideal  on  which  it  was  planned.  Other  portions  are  only  partially 
completed.  A few  subjects  are  entirely  omitted. 

The  majority  of  the  photomicrographs  are  my  own,  l)ut  many 
were  made  with  the  assistance  of  Dr.  S.  Burt  Wolbach,  to  wdioin  I 
owe  w'hatever  knowledge  I have  acquired  of  the  technic  of  this 
difficult  branch  of  photography.  For  a small  numl)er  of  the  photo- 
graphic illustrations  I am  indebted  to  Drs.  Wolbach  and  Orchvay. 
Initials  state  the  origin  of  all  photographs  except  a few  made  long 
ago,  of  which  the  makers  have  been  forgotten. 

Finally,  I am  indebted  to  Miss  Etta  R.  Piotti  for  all  the  draw- 
ings; they  have  been  made  with  photographic  accuracy  from 
actual  fields;  to  Miss  Leonie  M.  Corcoran  for  her  careful  type- 
wTiting  and  proof-reading  of  the  manuscript;  and  to  Miss  Lillian 
M.  Leavitt  for  her  versatile  technical  assistance  in  cutting  and 
staining  sections,  making  pliotographic  prints  and  in  various  other 
w^ays. 

F.  B.  Mallory. 

liosTON,  Mass. 
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THE  PRINCIPLES  OF  PATHOLOGIC 

HISTOLOGY 


PARI  1 

GENERAL  PATHOLOGIC  HISTOLOGY 
INFLAMMATION 
INTRODUCTION 

Inflammation  in  a broad  sense  is  the  term  applied  to  the  re- 
action of  living  organisms  to  any  injury  done  to  them  or  to  any 
part  of  them.  It  is  a process  tending  toward  removal  or  counter- 
action (neutralization)  of  the  injurious  agent  and  toward  repair 
of  the  injury  produced.  In  the  higher  animals  the  function  of 
counteracting  injurious  agents  is  delegated  largely  to  the  fluid 
and  cellular  elements  of  the  blood.  If  the  injurious  agent  is  within 
the  circulation,  this  counteraction  takes  place  there;  if  it  is  on 
a surface  or  within  the  lymph-s{)aces  of  an  organ  or  tissue,  the 
fluid  and  cellular  elements  of  the  blood  exude  onto  the  surface  or 
into  the  lymph-spaces,  in  varying  preportions  according  to  the 
nature  of  the  injurious  agent,  and  coml)at  it  there. 

The  term  inflammation  is  commonly  used  also  in  a iT'stricted 
sense  for  the  more  active  type  of  reaction,  namely,  acute  exuda- 
tion, called  out  by  strong  irritants  acting  outside  of  blood-vessels 
and  producing  severe  injury  to  cells  and  tissues.  The  liroad  u.se 
of  the  term  should,  however,  be  constantly  l)orne  in  mind  becau.se 
it  aids  in  the  understanding  of  the  close  relation  which  exists 
between  the  different  types  of  reaction,  caused  by  the  various 
strong  and  mild  irritants  acting  within  and  outside  of  the  circula- 
tion. 

As  inflammation  is  the  reaction  to  the  injury  produced  by  an 
injurious  agent  it  is  necessary,  in  order  fully  to  understand  the 
process,  to  study  the  injurious  agent  and  the  injury  produced  as 
well  as  the  reaction.  For  this  reason — 

The  logical  order  in  which  to  study  inflammation  is  as  follows: 

1.  The  injurious  agent. 

2 


17 


18 


PATHOLOGIC  HISTOLOGY 


2.  The  injury  done  to  the  cells  and  intercellular  substances. 

3.  The  reaction  to  the  injurious  agent  and  to  the  injury. 

The  location  of  an  injurious  agent  is  very  important  as  regards 

the  injury  produced  and  the  inflammatory  reaction.  It  may  be — 

1.  On  a surface,  as  on  the  skin  or  within  a serous  cavity,  a 
duct,  a gland,  an  alveolus. 

2.  In  the  lymph-spaces  or  vessels  of  an  organ  or  tissue. 

3.  In  the  circulating  blood. 

If  the  injurious  agent  is  within  the  circulation,  the  reaction 
between  it  and  the  elements  of  the  blood  takes  ]ilace  there.  Under 
this  condition  the  resulting  injury  is  usually  difficult  or  impossible 
of  demonstration,  because  it  may  have  been  produced  only  on  the 
elements  of  the  blood,  and  the  reaction  is  so  generally  distributed 
in  the  circulation  that  often  little  or  no  effect  is  visible. 

When,  however,  the  injurious  agent  is  outside  of  the  circula- 
tion, it  is  usually  rather  sharjily  localized  in  one  focus  or  another, 
and  the  injury  is  often  marked.  The  elements  of  the  blood,  in 
order  to  reach  the  injurious  agent,  must  escape  from  the  blood- 
vessels. As  a result  they  accumulate  in  the  affected  area,  and 
in  this  way  striking  lesions  are  often  jiroduced. 

The  reaction  between  the  injurious  agent  and  the  blood  ele- 
ments is  the  same  within  and  outside  of  the  vessels,  but  the  ob- 
vious effects  produced  are  very  different.  Compare,  for  examjile, 
an  anthrax  septicemia  with  an  anthrax  pustule  or  a pure  staphyl- 
ococcus jiyogenes  aureus  septicemia  with  an  ordinary  furuncle 
or  carbuncle. 

Some  injurious  agents  act  only  outside  of  blood-vessels  (heat), 
others  only  within  them  (jilasmodium  malariae);  some  act  some- 
times within,  sometimes  without  (staphylococcus  jiyogenes  aureus, 
b.  anthracis);  others  often  in  both  situations  (b.  tuberculosis,  b. 
leprae) . 

The  reaction  to  injurious  agents  acting  outside  of  the  circida- 
tion  is  taken  up  first,  because  the  effects  produced  are  much  more 
striking  and,  as  a rule,  much  easier  to  follow. 

The  injury  produced  by  the  irritant  may  be  evidenced  in  three 
ways : 

1.  Chemically,  by  changes  in  cellular  metabolism,  including 
secretion  and  excretion. 

2.  Morphologically,  by  retrograde  changes  on  the  part  of  the 
cells  immediately  affected. 

3.  Physiologically,  by  alteration  or  impairment  of  functional 
activity. 

In  studying  the  injury  and  reaction  produced  by  an  injurious 
agent,  it  must  be  borne  in  mind  that  the  basis  of  all  morphologic 
and  physiologic  changes  is  chemical.  Sometimes  the  chemical 
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change  is  proniineiit,  and  Ave  can  recognize  it  (carl)on  monoxid 
hemoglobin  in  the  blood  following  iioisoning  by  illuminating  gas); 
more  often  we  observe  the  morphologic  change  (abscess,  miliary 
tubercle);  less  often  the  iihysiologic  (convulsions  as  a result  of 
strychnin  iioisoning,  or  coma  from  an  overdose  of  morphin). 

The  chemical  changes  bring  about  the  morphologic  and  physio- 
logic changes  which  Ave  recognize  as  lesions,  signs,  and  symptoms. 
The  lesions,  signs,  and  symptoms  all  together,  representing  the 
effects  of  the  reaction  of  the  body  to  injurious  agents,  constitute 
the  diseases  Avhich  are  characteristic  of  the  injurious  agents  pro- 
ducing them.  We  are  concerned  in  this  book  chiefly  Avith  the 
morphologic  changes  Avhich  constitute  the  lesions. 

The  morphologic  elements  AA’hich  are  called  out  of  the  circula- 
tion by  injurious  agents  producing  their  effect  outside  of  the  blood- 
vessels are  comparatively  feAV  in  number;  by  exudation,  serum 
(from  Avhich  fibrin  may  form  under  certain  conditions);  by  emi- 
gration, polymorphonuclear  and  endothelial  leukocytes,  l3unpho- 
cytes,  eosinophiles,  and  possibly  also  mastcells;  and  bj^  diape- 
desis,  red  blootl-corpuscles.  In  addition  the  number  of  cells  in 
and  around  the  injured  area  ma}'  be  increased  l)y  jirol iteration 
of  endothelial  cells,  endothelial  leukoc}des,  Ijmiiflioc^des,  fibro- 
blasts and  epithelial  cells. 

It  is  not  alone  the  number  of  the  exudati\'e  and  jiroliferative 
elements  of  inflammation  Avhich  leads  to  the  great  variety  in  the 
appearance  of  inflammatory  lesions,  but  the  proportions  in  AAfliich 
the  various  elements  are  combined,  the  great  Amriety  in  the  struc- 
ture and  character  of  the  tissues  in  AATich  the  exudation  takes 
{)lace,  and  the  various  retrograde  changes  AA’hich  the  injured  tis- 
sues and  the  exudative  elements  may  undergo.  Occasionall^y, 
too,  the  presence  of  the  injurious  agent  ma}"  complicate  the  lec- 
ture. 

Some  injurious  agents  call  all  the  exudative  elements  of  in- 
flammation into  action;  others  only  one  or  tAA'o.  The  several 
elements  do  not  appear  synchronously^  and  y^et  they  do  not  neces- 
sarily folloAv  in  sequence.  Exudation  of  serum  takes  place  quick- 
est; emigration  of  polyunorphonuclear  leukocytes  next;  then 
folloAv  emigration  of  endothelial  leukocytes  and  lym])hocytes. 
Proliferation  of  cells  seems  to  start  almost  at  once,  but  requires 
time  to  be  much  in  e\ddence.  The  character  of  the  reaction 
depends  on  the  elements  Avhich  compose  it,  and  the  variety  and 
number  of  the  elements  called  out  depend  on  the  nature  of  the 
injurious  agent. 

It  is  advisable  to  study  the  elements  of  inflammation  at  first 
in  the  simplest  tissues  obtainable,  so  as  to  render  the  changes 
Avhicii  take  place  as  clear  and  evident  as  possible,  and  to  study 
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later  similar  changes  in  tissues  in  which  more  or  less  highly  dif- 
ferentiated cells  occur.  It  is  also  advisable  and  customary  to 
study,  so  far  as  possible,  each  element  of  the  process  of  inflam- 
mation by  itself  so  as  further  to  simplify  matters.  For  this  reason 
experimental  lesions  in  animals  are  commonly  resorted  to,  and 
the  use  of  certain  tissues  and  certain  irritants  has  become  class- 
ical. Similar  lesions  occur  in  man  but  are  not  always  obtain- 
able. Tissues  removed  at  surgical  operations  and  fixed  immedi- 
ately furnish  the  best  material.  In  animal  lesions  the  tissue  itself, 
the  nature  and  strength  of  the  injurious  agent,  and  the  dura- 
tion of  its  action  can  all  be  accurately  controlled.  Moreover, 
the  tissue  can  be  obtained  in  an  absolutely  fresh  condition  be- 
fore any  postmortem  changes  have  set  in. 

Before  beginning  to  study  the  reaction  of  normal  tissues  to 
injurious  agents,  it  is  necessary  to  have  as  accurate  a knowledge 
as  possible  of  the  normal  circulation  within  blood-  and  lymph- 
vessels,  of  the  elements  which  constitute  the  blood  and  lymph, 
and  of  the  histologic  structure  of  the  normal  tissues.  To  obtain 
such  knowledge  is  not  so  easy  a problem  as  it  might  seem  to  be, 
even  when  the  simplest  of  the  normal  tissues  are  selected.  Here 
only  the  simplest  tissue  elements  will  be  considered.  For  more 
detailed  information  text-books  on  normal  histology  should  be 
consulted.  It  is  also  strongly  advised  to  study  sections  of  normal 
tissues  for  comparison  with  the  pathologic. 

THE  NORMAL  CIRCULATION 

The  normal  circulation  in  peripheral  blood-vessels  may  be 
studied  directly  under  the  microscope  in  the  mesentery,  tongue, 
or  web  of  foot  of  the  frog.  With  certain  precautions  it  may  be 
studied  also  in  the  mesentery  of  warm-blooded  animals. 

The  flow  of  the  blood  in  the  arteries  is  intermittent,  faster  in 
the  systole  of  the  heart,  slower  in  the  diastole.  The  red  blood- 
corpuscles  flow  in  the  center  of  the  vessel  as  a red  core.  Between 
them  and  the  vessel  wall  is  a colorless  zone  called  the  plasma  zone. 
The  white  blood-corpuscles  flow  along  the  inner  surface  of  the 
vessel  in  the  plasma  zone  and  travel  much  more  slowly  than  the 
red  blood-corpuscles. 

The  flow  of  the  blood  in  the  capillaries  is  slow  and  continuous, 
although  often  faster  in  one  vessel  than  in  another.  The  axial 
core  and  the  plasma  zone  are  lost  because  the  lumen  of  a capillary 
is  usually  not  much  larger  than  a red  blood-corpuscle. 

The  flow  in  the  veins  is  slower  than  in  the  arteries  and  is  con- 
tinuous. The  axial  core  and  the  i)lasma  zone  are  present,  but 
are  not  so  sharply  marked  as  in  the  arteries. 
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THE  CONSTITUENTS  OF  THE  NORMAL  BLOOD 

The  chief  constituents  of  the  normal  blood  are  eight  in  num- 
ber. They  consist  of  the  red  blood-corpuscles,  of  the  blood 
platelets,  of  five  different  types  of  white  blood-corpuscles,  and  of 
the  blood  plasma  as  shown  in  the  following  list: 

1.  Retl  blood-corpuscles,  erythrocytes. 

2.  Blood  platelets. 

3.  Polymorphonuclear  leukocytes. 

4.  Endothelial  leukocytes. 

5.  Lymphocytes. 

6.  Eosinophiles. 

7.  oNIastcells. 

8.  Blood  plasma. 

Some  of  the  constituents  of  the  blood  are  very  characteristic 
and  can  be  recognized  under  almost  all  conditions;  others  are 
less  definite.  Authorities  disagree  more  or  less  in  regard  to  the 
classification  of  the  white  blood-corpuscles,  especially  in  regard 
to  the  one  labeled  endothelial  leukocyte.  The  usual  way  of 
studying  the  cells  of  the  blood  is  by  the  cover  sli})  method  of 
Ehrlich.  This  method  is,  in  general,  the  best  for  jireserving  the 
granules  in  the  cytoplasm  of  the  leukocytes  so  that  a differential 
stain  of  them  may  be  obtained.  On  the  other  hand,  the  cyto- 
plasm itself  and  the  nuclei  are  poorly  preserved.  This  method 
of  studying  the  leukocytes  probably  places  too  much  emphasis 
on  minor  structures  (the  cytoplasmic  granules)  of  the  cells. 

Fixation  of  the  Ijlood  by  the  same  methods  that  are  used  for 
tissues  (Zenker’s  fluid)  preserves  the  nuclei  and  cytoplasm  per- 
fectly, and  to  some  extent  the  cytoplasmic  granules,  so  that  the 
cells  appear  much  as  they  do  in  the  tissues,  and  therefore  can  be 
more  easily  compared  with  them  and  identified. 

1.  Red  Blood-corpuscles,  Erythrocytes. — They  are  bell-  or 
cup-shaped  masses  of  cytoplasm  containing  no  nucleus.  They 
vary  little  in  size;  their  average  diameter  is  7.5  microns.  One 
c.  mm.  of  blood  contains  on  the  average  4,500,000  to  5,000,000 
red  blood-corpuscles. 

The  red  blood-corpuscles  contain  hemoglol)in  which  can  be 
fixed  in  them  by  certain  reagents  (heat,  chrome  salts,  formal- 
dehyd).  The  hemoglobin  thus  fixed  stains  readily  and  deejily 
with  acid  dyes  such  as  eosin,  and  thus  renders  the  red  blood-cor- 
puscles very  prominent. 

The  red  blood-corpuscles  are  derived  from  the  erythroblasts 
of  the  bone  marrow. 

2.  Blood  Platelets. — They  are  round  or  oval  discs  measuring 
about  three  microns  in  diameter.  It  is  characteristic  of  them  that 


Fig.  1. — Tho  cellular  elements  of  the  blood.  Column  a,  as  seen  in  Zenker 
fixed  tissue  preparations  after  staining  with  eosin  and  methylene  blue.  Col- 
umns h,  c,  and  d,  as  .seen  in  blood  smear  preparations  stained  by  Wright’s 
method.  1.  Refl  blood-corpu.scles  with  blood  platelets  between  them;  2. 
polymorphonuclear  leukocytes;  3,  endothelial  leukocytes;  4,  lymphocytes; 
5,  eosinophiles;  0,  mastcells. 
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they  tend  to  collect  in  clumps  and  to  disintegrate  and  disappear 
rapidly  in  preparations  made  in  the  ordinar}^  way.  They  remain 
unclumped  and  intact  in  a 2.5  to  5 per  cent  solution  of  sodium 
metapho.sphate. 

One  c.  mm.  of  blood  contains  on  the  average  250,000  to  500,000 
platelets,  but  variations  within  wide  limits  occur. 

It  has  been  demonstrated  by  J.  H.  Wright  that  blood  platelets 
are  detached  portions  or  fragments  of  the  cytoiilasm  of  the  mega- 
karyocytes. He  has  shown  by  a special  staining  method  that  they 
consist  of  a hyaline  substance  which  can  be  stained  blue,  in  vdiich 
are  imbedded  closely  set  minute  red  to  purple  staining  granules. 

White  Corpuscles. — The  white  corpuscles  are  jiresent  to  the 
number  of  8,000  on  the  average  in  one  c.  mm.  of  normal  blood. 
Their  proportion  to  the  red  blood-corpuscles  is  as  1 to  600. 

3.  Polymorphonuclear  Leukocytes:  Neutrophilic,  Granular 

Leukocytes. — They  form  from  70  to  72  per  cent  of  all  the  white 
corpuscles.  In  size  they  are  a little  larger  than  the  red  blood- 
corpuscles.  The  nucleus  is  polymorphous,  composed  of  several 
more  or  less  irregular  or  rounded  lobules  which  are  united  by 
slight  filaments  of  nuclear  material.  The  nucleus  stains  tleeply 
with  basic  (nuclear)  dyes. 

The  cytoplasm  contains  very  numerous  fine  granules  which, 
in  cover-slip  preparations  prepared  l)y  Ehrlich’s  method,  take  a 
double  (so-called  neutrophilic)  stain.  In  tissues  hardened  in 
Zenker’s  fluid  these  granules  are,  as  a rule,  rather  poorly  preserved 
and  stain  lightly  with  eosin.  The  cytoplasm  is  sharply  limited 
by  a distinct  and  characteristic  cell  membrane. 

The  polymorphonuclear  leukocytes  are  formed  from  the  neu- 
trophilic myelocytes  of  the  bone  marrow. 

4.  Endothelial  Leukocytes;  Large,  Mononuclear,  Non- 
Granular  Leukoc3des. — They  are  usually  a little  larger  than  the 
polymorphonuclear  leukocyte,  being  two  to  three  times  the  size 
of  a red  blood-corpuscle.  Each  leukocyte  contains  an  oval,  ex- 
centrically  situated  nucleus  which  is  usually  curved  or  indented. 
It  is  never  divided  into  masses.  It  stains  lightly,  never  intensely 
like  the  nucleus  of  the  polymorphonuclear  leukocyte.  The  cyto- 
plasm contains  no  granules,  and  is  limited  by  no  definite  cell 
membrane. 

Endothelial  leukocjdes  number  from  2 to  4 per  cent  of  all  the 
white  corpuscles.  They  are  derived  from  the  endothelial  cells 
lining  blood,  and  to  a less  extent  lymph,  vessels  by  proliferation 
and  desquamation.  They  also  multiply  by  mitosis  after  emi- 
gration from  the  vessels  into  the  lesions. 

5.  Lymphocytes. — They  form  22  to  25  per  cent  of  all  the 
white  corpuscles.  They  are  of  about  the  size  of  the  red  blood- 
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corpuscles.  By  Ehrlich’s  method  the  nucleus  is  poorly  preserved 
and  stains  homogeneously.  After  fixation  in  Zenker’s  fluid  the 
nucleus  is  very  characteristic.  It  is  round,  the  periphery  stains 
sharply,  and  small  masses  of  chromatin  project  inwardly  from 
the  periphery,  and  are  connected  by  chromatin  threads  with  similar 
granules  in  the  interior,  giving  the  nucleus  a granular  reticular 
appearance,  even  under  low  power.  The  nucleus  is  generally 
slightly  eccentrically  located  in  the  cytoplasm. 

The  cytoplasm  is  usually  small  in  amount,  forming  often  but 
a narrow  rim,  and  sometimes  even  seems  to  be  absent.  It  tends 
to  stain  rather  deeply  with  basic  dyes,  especially  with  methylene 
blue,  except  in  one  small  area  near  the  nucleus  in  which  lie  the 
two  centrosomes.  By  special  methods  it  is  possible  to  demon- 
strate in  the  cytoplasm  minute  elongated  granules  which  are 
regarded  by  Schridde  as  diagnostic  of  these  leukocytes. 

Lymphocytes  are  produced  in  the  lymphoid  tissue  in  various 
parts  of  the  body,  but  particularly  in  the  lymph-nodes. 

6.  Eosinophiles. — They  form  two  to  four  per  cent  of  all  the 
leukocytes.  The  nucleus  is  usually  polymorphous,  but  may  be 
horseshoe-shaped  or  round.  The  cytoplasm  contains  numerous 
coarse  granules  which  after  fixation  by  heat  or  by  Zenker’s  fluid 
stain  intensely  with  eosin  and  other  acid  dyes.  The  cells  are 
often  larger  than  the  polymorphonuclear  leukocyte. 

Eosinophiles  are  derived  from  the  acidophilic  myelocytes  of 
the  bone  marrow. 

7.  Mastcells. — They  form  about  .5  per  cent  of  all  the  leu- 
kocytes. The  nucleus  is  polymorphous.  The  cytoplasm  con- 
tains numerous  fairly  coarse  granules  which  stain  deejily  with 
basic  dyes,  A differential  stain  of  the  granules  may  be  obtained 
by  means  of  certain  polychrome  dyes  such  as  thionin.  The 
granules  are  well  preserved  by  alcohol,  poorly  by  Zenker’s  fluid. 

Mastcells  arise  from  the  basophilic  myelocytes  of  the  bone 
marrow. 

8.  Blood  Plasma. — It  forms  the  intercellular  substance  of 
the  blood.  Deprived  of  its  fibrin,  of  which  it  contains  .1  to  .4 
per  cent  by  weight,  it  is  called  serum.  The  fibrin  contains  9.2 
per  cent  of  solids,  of  which  7.6  per  cent  are  proteids  (albumin 
4.5  per  cent;  globulin  3.1  per  cent). 

THE  SIMPLE  CONSTITUENTS  OF  NORMAL  TISSUES 

Leaving  out  of  the  question  the  various  specialized  cells,  the 
histologic  structures  which  have  to  be  considered  in  nearly  all 
the  different  organs  and  tissues  of  the  body  are  the  following: 

1.  Fibroblasts  or  connective-tissue  cells  with  their  flbroglia, 
collagen,  and  elastic  fibrils. 
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2.  Endothelial  cells. 

3.  Nerves. 

4.  Lymph- vessels  and  spaces;  lymph. 

5.  Blood-vessels  (capillaries,  veins,  and  arteries) ; blood. 

6.  Cement  substance. 

In  many  tissues  under  normal  conditions  the  various  leuko- 
cytes are  frequently  added  to  these  structures.  They  mostly 
enter  the  tissues  by  emigration  from  the  blood-vessels,  but  some 


Fig.  2. — Fibroblasts  from  an  organized  thrombus.  Fibroglia  fibrils  sharp  and 
distinct.  Collagen  fibrils  fill  all  the  spaces  between  the  cells. 


of  them  probably  travel  along  the  lymph-vessels  and  spaces. 
Endothelial  leukocytes  and  lymphocytes  are  perhaps  the  cells 
most  commonly  present,  but  eosinophiles,  mastcells  and  even 
polymorphonuclear  leukocytes  are  occasionally  found. 

1.  Fibroblasts,  Connective-tissue  Cells. — They  vary  con- 
siderably in  shape  in  different  situations.  As  a rule,  they  are 
flat  elongated  cells  with  flat  oval  nuclei  which  lie  more  or  less 
centrally,  stain  rather  lightly,  and  show  a distinct  chromatin 
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network.  The  cytoplasm  usually  extends  out  in  one  or  more 
]n*ocesses  at  each  end  of  the  cell. 

The  fibroblast  may  produce  under  different  conditions  three 
kinds  of  fibrils  in  varying  amounts,  namely,  fibroglia,  collagen 
and  elastic  fibrils.  Apparently  every  fibroblast  jiroduces  the 
first  two;  but  the  elastic  fibrils  are  found  only  in  certain  situations, 
as  in  the  walls  of  blood-vessels,  around  ducts,  and  in  the  corium. 
Under  other  conditions  as  in  lymph-nodules,  the  collagen  fibrils 
appear  in  a modified  form  as  a reticulum. 

The  fibroglia  fibrils  are  very  delicate  fibrils  which  have  an 
intimate  relation  to  the  cytoplasm  of  connective-tissue  cells. 
They  form  a part  of  the  periphery  of  the  cell  from  which  they 
arise  and  run  along  its  cytoplasmic  processes.  They  seem  to 
extend  to  the  surface  of  other  fibroblasts,  but  this  cannot  be 
proved.  Fibroglia  fibrils  differ  chemically  from  the  collagen  and 
elastic  fibrils,  and  can  be  stained  differentially  from  them.  They 
are  most  numerous  and  best  studied  in  young,  rapidly  growing 
connective  tissue. 

Collagen  fibrils  are  very  delicate  fibrils  which  usually  are 
cemented  closely  together  and  run  in  wavy  bundles;  or,  as  in  the 
cornea,  in  straight  lines  arranged  in  thin  planes.  They  swell  up 
in  dilute  acids  such  as  acetic  acid  and  become  transparent.  They 
are  destroyed  by  caustic  potash. 

Under  certain  conditions,  as  in  lymph-nodules,  the  collagen 
fibrils  are  formed  into  an  interlacing  branching  network  or  re- 
ticulum of  delicate  fibrils  which  differ  morphologically  and  pos- 
sibly to  some  extent  chemically,  from  ordinary  collagen  fibrils, 
but  certainly  are  closely  related  to  them. 

The  elastic  fibrils  occur  in  the  form  of  a network  of  fibrils  of 
varying  size,  or  as  fenestrated  plates.  In  fresh  tissue  the  fibrils 
are  strongly  refractive  and  have  dark  outlines.  They  are  very 
resistant  to  acids  and  alkalies  which  may  lie  used  to  render  them 
prominent  in  histologic  preparations  of  fresh  tissues.  In  hard- 
ened tissues  they  are  usually  not  visible,  but  may  be  demonstrated 
by  several  special  differential  staining  methods. 

2.  Endothelial  Cells. — They  line  blood-  and  lymph-vessels; 
they  also  occur  in  connection  with  the  more  indefinite  lymph- 
spaces  and  associated  with  the  reticular  supporting  framework 
of  organs.  They  do  not  produce  any  intercellular  substance 
unless  it  be  cement  substance. 

In  form  the  endothelial  cell  is  always  more  or  less  flattened. 
The  nucleus  lies  centrally  located,  is  oval  in  shape,  and  stains 
more  faintly  than  the  nucleus  of  the  fibroblast.  The  cytoplasm, 
as  shown  by  the  nitrate  of  silver  stain,  is  usually  irregular  or  wavy  in 
outline,  but  never  has  prolongations  or  branches  like  the  fibroblast. 
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3.  Nerves. — They  are  siniiily  cytoplasmic  (axis  cyliiuler)  proc- 
esses of  nerve-cells.  Single  nerve-fibers  and  their  terminations  can 
be  demonstrated  only  by  means  of  special  staining  methods. 
Bundles  of  medullatetl  nerve-fibers  can  be  recognized  in  ordinary 
sections,  best  in  cross-sections  on  account  of  the  characteristic 
appearance  of  the  axis  cylinders  and  their  sheaths.  With  a little 
care  they  can  be  recognized  also  when  running  horizontally  or 
oblicpiely. 

4.  Lymph-vessels  and  Spaces. — They  can  be  studied  best  after 
fixation  of  fresh  tissues  in  nitrate  of  silver  which  stains  the  cement 
substance  of  cells  brown  and,  therefore,  defines  very  sharply  the 
limits  of  the  cells  and  of  any  spaces  between  them.  This  staining 
method  demonstrates  in  the  cornea,  for  instance,  that  the  con- 
nective-tissue cells  are  surrounded  by  lymph-spaces  which  all 
communicate  with  each  other,  and  which  are  also  connected  with 
lymj)h-vessels.  This  condition  probably  holds  true  of  all  con- 
nective tissues. 

The  lymph-vessels  surround  and  form  more  or  less  definite 
spaces  along  the  blood-vessels  and  nerves,  but  also  occur  else- 
where in  the  tissue.  They  are  lined  with  the  same  kind  of  cells 
as  the  blood-vessels — that  is,  with  endothelium — but  the  line  of 
union  of  the  cells  is  not  so  regular  as  in  the  blood-vessels.  No 
tissue  is  free  from  lymphatics;  the  number  of  them  is  usually 
much  under-estimated. 

Lymph  is  a colorless  fluid  which  in  part  escapes  from  the  blood- 
vessels through  the  stomata  between  the  endothelial  cells;  in  jiart 
is  secreted  by  the  endothelial  cells.  It  tliffers  chemically  from 
blood  plasma.  It  circulates  through  the  lyinjih-spaces  around 
the  connective-tissue  cells,  nourishing  the  cells  and  receiving  waste 
products,  and  then  passes  into  the  lymph-vessels.  Ljunphocytes 
in  small  numbers  are  usually  present  in  it. 

INJURIOUS  AGENTS  (IRRITANTS) 

Various  influences  may  affect  the  human  body  injuriously; 
such  as  bad  heredity;  excess  and  especially  deficiency  of  water, 
food,  or  oxygen;  variations  in  the  atmospheric  jiressure;  over- 
use or  lack  of  use  of  the  different  organs  and  tissues;  but  the 
actively  injurious  agents  may  for  the  sake  of  convenience  be  put 
into  a very  few  groups. 

1.  Mechanical:  Incision,  blow,  foreign  bodies. 

2.  Physical:  Heat,  cold,  sunlight,  electricity,  a:-rays,  radium. 

3.  Chemical:  Of  organic  and  inorganic  origin;  (a)  Acids,  alka- 
lies, poisons.  (6)  Toxins  derived  from  infectious  agents,  especially 
bacteria  and  protozoa. 

Of  these  injurious  agents  the  bacteria  and  protozoa,  including 
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the  toxic  substances  derived  from  them,  are  the  most  numerous 
and  the  most  important.  It  is  not  necessary  here  to  enter  into 
a detailed  description  of  them.  Such  information  is  readily 
accessible  in  the  numerous  text-books  on  bacteriology.  Reference 
will  be  made  only  to  certain  appearances  of  the  organisms  as  seen 
in  connection  with  the  lesions  caused  by  them. 

Some  toxic  substances  are  actively 
produced  by  living  organisms  (diphtheria 
toxin),  others  are  set  free  by  the  disso- 
lution of  the  bodies  of  the  organisms 
after  death  (typhoid  endotoxin).  It  is 
usual  to  speak  of  the  organism  itself  as 
the  active  agent,  rather  than  of  its  toxin. 
A few  organisms  seem  to  act  chiefly  or 
entirely  mechanically  (balantidium  coli). 

Nature  of  Action. — The  action  of  an 
injurious  agent  may  be  severe  or  slight, 
brief  or  prolonged.  The  effect  produced 
varies  accordingly.  Some  inj urious  agents 
cause  lesions  in  seconds,  minutes,  or 
hours;  others  act  so  slowly  that  they 
require  days,  weeks,  or  even  months  to 
produce  macroscopic  changes. 

Some  injurious  agents  produce  a 
maximum  effect  at  once  (blow),  others 
begin  insidiously  (l)acteria,  etc.),  and  as 
they  increase  in  number  produce  grad- 
ually a greater  and  greater  effect. 

Some  bacteria  act  for  a definite 
period  of  time;  then  their  action  ceases 
(bacillus  typhosus,  di})lococcus  pneu- 
monise),  probably  owing  to  the  produc- 
tion of  an  antitoxin;  other  organisms 
continue  to  act  indefinitely  (tubercle 
bacillus,  leprosy  bacillus). 

An  injurious  agent  may  act  only  on 
the  cells  immediately  around  it  (stajihyl- 
ococcus  pyogenes  aureus  toxin),  or  it 
may  be  more  or  less  soluble,  and  by 
absorption  through  lymph-  and  blood- 
vessels affect  cells  both  near  and  at  a 
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and  accumulation  of  poly- 
morphonuclear leukocyte.s 
in  the  subcutaneous  tis- 
sues of  a rabbit’s  ear  as 
the  result  of  rubbing  the 
surface  with  dilute  croton 
oil. 


distance  (bacillus  diphtheri®  toxin). 

Agents  Used  Experimentally. — The  injurious  agents  most 
commonly  used  in  the  experimental  production  of  certain  types 
of  reaction  and  the  tissues  on  which  they  are  used  are  the  following: 
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Hot  water  at  the  temperature  of  54°  C.  If  a rabbit’s  ear  is 
dipped  into  it  for  three  minutes  an  acute  inflammatory  exudation 
of  serum  and  chiefly  of  polymorphonuclear  leukocytes  takes  place 
into  the  tissues. 

Croton  oil,  diluted  one  part  to  six  with  olive  oil,  if  rulibed  on 
a rabbit’s  ear,  causes  a similar  exudation,  with  perhaps  a greater 
proportion  of  polymorphonuclear  leukocytes.  If  it  is  injected 
into  muscle  it  causes  extensive  necrosis,  followed  by  an  abundant 
exudation  of  pol^unorphonuclear  leukocytes. 

Turpentine  and  carbolic  acid  are  sometimes  used  for  the  same 
purposes  as  croton  oil. 


Fig.  4. — Acute  inflammation.  Migration  of  polymorphonuclear  leukocytes  in 
the  cornea  attracted  by  an  injury  produced  in  its  center. 

Caustic  potash  in  the  solid  stick  form  is  sometimes  applied 
to  the  cornea  of  the  etherized  rabliit  to  cause  necrosis  in  order  to 
study  the  processes  of  exudation  and  repair. 

Similar  lesions  occurring  in  man  may  often  be  obtained  for 
control  study,  such  as  injuries  of  the  skin  due  to  heat,  freezing, 
ammonia,  and  other  active  agents;  diphtheritic  colitis  due  to  cor- 
rosive sublimate;  acute  gastritis  caused  by  carbolic  acid. 

Chloroform  has  recently  been  much  employed  to  cause  necrosis 
of  liver  cells  in  animals.  It  is  administered  by  inhalation.  Swal- 
lowed with  suicidal  intent  it  has  caused  the  same  lesion  in  man. 

Mechanical  injury  is  often  used  for  the  study  of  regeneration 
and  repair;  as  in  incision  of  the  cornea,  drill  holes  into  bones, 
fracture  of  liones,  incision  and  suture  of  intestine,  incision  of 
abdominal  wall  and  of  muscles,  tendons,  and  nerves. 
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Agar-agar  is  useful,  injected  subcutaneously,  for  the  study 
of  the  exudation  and  proliferation  of  endothelial  leukocytes  and 
of  the  formation  of  foreign  body  giant-cells  from  them.  The 
polymorphonuclear  leukocytes  called  out  at  first  by  the  injury  to 
the  tissues  disappear  in  two  to  three  days. 

The  staphylococcus  pyogenes  aureus  is  used  for  the  study  of 
suppuration.  Injected  subcutaneously  it  produces  necrosis  of 
the  tissues  in  its  immediate  vicinity  and  exudation  of  polymor- 
phonuclear leukocytes  followed  by  softening  of  the  necrotic  tissue. 
The  result  is  an  abscess  which  heals  in  time  by  granulation 
tissue.  Injected  into  the  ear  vein  of  a rabliit  this  organism  gives 
rise  to  septicemia  and  to  multiple  miliary  abscesses  in  the  heart, 


Fig.  5. — Repair.  Foreign  body  giant-cells  formed  around  agar-agar  injected 

subcutaneously  in  a rabbit. 


kidneys,  and  sometimes  in  the  striated  muscles;  occasionally, 
septic  infarcts  are  produced  in  the  kidneys. 

The  tubercle  liacillus  causes  a slower  type  of  inflammatory 
reaction.  It  is  usually  injected  subcutaneously,  into  the  peri- 
toneal cavity,  into  the  ear  vein  of  a rabbit  or  liranches  of  the 
portal  vein  of  a guinea  pig,  or  inoculated  into  a rabbit’s  cornea. 

Various  other  organisms  such  as  the  diplococcus  pneumonije, 
or  the  glanders  or  anthrax  bacillus  are  used;  but  those  cited  above 
are  the  ones  most  frequently  employed. 

Tissues  Commonly  Used  and  Studied.— The  following  tissues 
ar(‘  the  ones  most  generally  used  in  the  study  of  acute  inflamma- 
tory exudation : 

The  rabbit’s  ear  is  useful  for  demonstrating  the  clinical  signs 
and  symptoms  (redness,  swelling,  heat,  and  pain)  of  acute  in- 
flammation, as  well  as  for  showing  the  histologic  changes  which 
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are  taking  place.  ^Microscopically  the  tissues  involved  are  com- 
paratively simple. 

Striated  muscle  readily  shows  the  injury  (necrosis)  caused  by 
croton  oil  and  similar  substances  and  the  changes  which  follow 
such  an  injury. 

The  cornea  is  a very  simple  tissue  consisting,  lieneath  the 
covering  of  epithelium,  of  thin  layers  of  fibroblasts  and  their 
fibrils  with  only  lymph-spaces  lined  with  endothelium  and  vutli 
terminal  nerve  fibrils  to  complicate  the  picture.  It  is  especially 
useful  for  the  study  of  repair  of  incised  wounds  in  a simjile  tissue, 
and  of  the  origin  of  certain  cells  vdiich  appear  in  inflammation. 

For  direct  observation  of  the  reaction  of  tissues  to  injurious 
agents  of  various  sorts  the  following  tissues  have  proved  very 
serviceable:  the  web  of  the  foot,  the  tongue,  and  the  mesentery 
in  the  frog.  They  are  delicate  enough  to  permit  tlirect  study 
umler  the  microscope.  The  mesentery  in  warm-blooded  animals 
has  been  used  for  a similar  purpose. 

THE  INJURY  PRODUCED 

Injury  is  the  term  applied  to  the  changes  produced  in  tissues 
and  organs  by  harmful  agents.  Trauma  is  limited  to  an  injury 
produced  mechanically.  Lesion  is  the  term  applied  to  any 
structural  change  in  tissues  and  organs  no  matter  how  produced; 
it  includes  injury.  Necrosis  signifies  death,  and  may  be  applied 
to  a single  cell  or  to  groups  of  cells. 

The  injury  produced  by  an  irritant  is  often  difficult  or  even 
impossible  to  demonstrate  morphologically,  as  when  a rabbit’s 
ear  is  treated  with  hot  water  for  only  two  or  three  minutes  at 
54°  C.,  or  with  dilute  croton  oil,  although  the  inflammatory  re- 
action may  be  very  marked.  The  same  is  true,  for  example,  in 
pneumonia  and  in  meningitis,  ^^'e  judge  of  the  effect  of  the 
irritant  largely  by  the  reaction  instead  of  by  the  injury. 

In  poisoning  by  prussic  acid  the  reaction  is  physiologic;  it 
is  tremendous  and  almost  instantaneous.  Although  the  basis  of  the 
reaction  is  undoubtedly  chemical,  no  morphologic  change  is  evident. 

In  immediate  death  from  chloroform  inhalation  no  significant 
morphologic  lesion  is  found,  but  if  the  patient  or  the  animal 
experimented  on  lives  two  or  three  days  before  death,  extensive 
necrosis  of  liver  cells  is  present  and  demonstrates  at  least  one 
injurious  effect  of  the  chloroform. 

In  tetanus  and  rabies  the  injury,  aside  from  the  primary 
lesion  at  the  site  of  infection,  is  evidenced  chiefly  or  entirely  by 
the  physiologic  reaction.  In  rabies  little  or  no  morphologic 
change  can  be  demonstrated  beyond  the  presence  of  the  Negri 
bodies  in  the  ganglion  cells. 
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When,  however,  croton  oil  is  injected  into  such  a highly  dif- 
ferentiated tissue  as  muscle  the  effect  (necrosis)  is  marked  within 
twenty-four  hours.  Extensive  injury  is  shown  in  the  stomach 
following  poisoning  with  carbolic  acid,  in  the  colon  after  poisoning 
with  corrosive  sublimate,  in  streptococcus  infection  of  muscle, 
and  frecpiently  in  the  liver  (central  necrosis)  when  there  is  a 
septicemia. 

Of  the  injuries  directly  produced  by  irritants,  necrosis  is  the 
easiest  to  demonstrate  histologically,  but  it  requires  time  to  make 
itself  evident.  At  first,  the  nuclei  stain  intensely  and  uniformly; 
then  they  gradually  disappear.  The  cytoplasm  becomes  homo- 
geneous and  stains  deeply  with  acid  dyes.  Other  effects  produced 
sometimes  in  injured  cells  are  direct  division  of  nuclei;  edema 
of  the  cytoplasm  (hydropic  degeneration) ; changes  in  the  size 
and  number  of  the  albuminous  granules  in  the  cytoplasm;  deposi- 
tion of  fat-droplets  in  the  cytoplasm.  They  are  due  in  jiart,  at 
least,  to  interference  with  the  chemical  and  physiologic  activity 
of  the  cells. 

Under  the  special  injurious  agents  the  characteristic  retrograde 
clianges  caused  by  them  will  lie  referred  to;  but  as  the  most  con- 
spicuous products  of  retrograde  processes  (fat,  amyloid,  hyalin) 
are  usually  not  the  direct  and  obvious  effect  of  irritants,  but  the 
result  of  changes  in  metabolism,  they  will  be  treated  of  at  some 
lenglh  under  a separate  heading — “Retrograde  Changes.” 

The  chief  injury  produced  in  tissues  is  not  always  due  to  the 
direct  toxic  action  of  the  injurious  agent,  but  is  secondary  to 
obstruction  of  the  capillaries  and  lymph-spaces  by  the  leukocytes 
which  are  attracted  and  accumulate  around  the  organisms,  as, 
for  example,  in  the  lesions  occurring  in  typhoid  fever,  tuberculosis, 
and  leprosy. 

REACTION 

The  reaction  to  an  injurious  agent  and  to  the  injury  produced 
by  it  varies  within  very  wide  limits,  depending  on  the  amount  and 
the  nature  of  the  injurious  agent  and  on  the  severity  and  character 
of  the  injury.  The  reaction  may  be  evidenced  chemically  by 
metabolic  changes,  such  as  alteration  of  secretion  and  excretion; 
morphologically,  by  the  presence  of  serum,  fibrin,  and  leukocytes, 
and  by  the  proliferation  of  cells;  and  iihysiologically  by  alteration 
of  functional  activity. 

The  reaction  wliich  occurs  in  inflammation  has  a twofold 
function — (1)  to  get  rid  of  the  injurious  agent  if  still  present  or  to 
neutralize  its  action  so  that  it  is  no  longer  injurious  and  (2)  to  repair 
the  injury,  that  is,  remove  and,  so  far  as  possilile,  replace  the 
necrotic  cells.  In  a bland  infarct  of  the  kidney  we  can  study  the 
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reaction  to  simple  necrosis  where  toxic  substances  derived  from 
the  necrotic  cells  act  as  an  injurious  agent,  but  in  a seiitic  infarct 
we  have  a double  reaction,  on  the  one  hand  to  the  necrotic  cells, 
on  the  other  to  the  toxic  agent  and  to  the  toxins  it  generates.  As 
a rule,  in  infectious  processes  the  injurious  agent  causes  a greater 
and  more  characteristic  reaction  than  do  the  injured  cells.  It  is 
not  customary,  however,  or  perhaps  often  essential,  to  separate 
the  two  kinds  of  reaction,  but  they  should  be  liorne  in  mind. 

The  reaction  of  the  body  to  an  infectious  agent  and  its  toxins, 
uncomplicated  by  any  marked  tissue  injury,  Ijeyond  beginning 
general  retrograde  processes  dependent  partly  on  toxemia  and 
partly  on  interference  with  nutrition,  is  best  seen  perhaps  in 
sejiticemias,  where  the  fight  is  directly  between  the  irritant  on 
the  one  hand  and  the  blood  plasma  and  the  leukocytes  on  the 
other.  Often  the  endothelial  cells  lining  the  blood-vessels  play  an 
important  role  also  by  incorporating  many  of  the  organisms,  as 
in  leprosy,  tuberculosis,  and  dum-dum  fever.  We  can  get  some 
idea  of  what  is  taking  place  by  studying  the  variations  in  the 
relative  proportions  of  the  leukocytes,  the  chemical  changes  and 
altered  serum  reactions  produced  in  the  blood  plasma  and  the  clin- 
ical signs  and  symptoms. 

The  fluitl  and  cellular  elements  in  the  blood-  and  lymjih-vessels 
at  the  service  of  the  body  in  combating  injurious  agents  and  in 
aiding  in  the  repair  of  injuries  are  few  in  number.  Sometimes 
only  one  of  them  is  used;  more  often  two  or  more.  AVe  ordinarilj' 
express  the  condition  of  affairs  in  another  way  by  saying  that  a 
certain  irritant  attracts  or  is  chemotactic  for  a certain  kind  of 
leukocyte. 

The  action  exerted  by  the  leukoc}ffes  is  to  some  extent,  perhaps, 
mechanical,  but  their  chief  effect  is  produced  chemically  that  is, 
is  due  to  the  action  of  chemical  substances  manufactured  by  the 
different  leukocytes  to  neutralize  the  toxins  secreted  by  micro- 
organisms and  to  dissolve  necrotic  cells.  Some  of  these  chemical 
substances  can  be  demonstrated;  others  are  recognized  chiefly 
by  the  effects  they  produce.  A certain  number  of  them  are 
present  in  the  serum  under  normal  conditions. 

The  morphologic  changes  which  take  place  as  the  result  of 
the  action  of  various  injurious  agents  vary  greatly,  depending 
on  the  strength  and  character  of  the  latter.  Sometimes  an  irritant 
will  produce  one  type  of  injury  and  reaction  in  one  place  (local 
action  of  the  diphtheria  toxin  in  the  throat  or  of  the  diplococcus 
pneumoniaj  toxin  in  the  lung),  and  a different  type  of  injury  ancl 
action  in  another  place  where  the  toxin  is  carried  in  a dilute 
state  (diffuse  action  of  the  diphtheria  toxin  in  the  lymph-nodules 
of  the  spleen,  etc.,  or  of  the  diplococcus  i)neunionia3  toxin  in  the 
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glomeruli  of  the  kitlney).  Moreover,  different  strains  of  the  same 
organism  may  produce  more  than  one  type  of  reaction. 

In  general  we  may  tlivide  the  injurious  agents  into  two  groujis, 
the  strong  and  the  mild  irritants  (with  all  gradations  lietween), 
although  it  is  difficult  to  confine  some  of  them  exclusively  to 
either  group.  This  is  particularly  true  of  the  tubercle  bacillus. 

Ihe  reaction  of  tissues  to  strong  irritants  has  been  much 
studied  because  the  lesions  are  readil}'  ])roduced  experimentally. 
1 he  reaction  to  mild  irritants  is,  however,  of  equal  importance, 
and  should  have  more  attention  paid  to  it. 

Reaction  to  Strong  Injurious  Agents.— The  changes  which 
take  place  as  the  result  of  the  action  of  strong  irritants  and  the 
injury  to  the  cells  produced  by  them  are  as  follows: 

1.  Circulatory  tlisturbances. 

2.  Inflammatory  exudation. 

(a)  Exudation  of  lyinj^h  (including  formation  of  fibrin). 

(b)  Emigration  of  leukocytes  (chiefly  of  the  polymor- 
phonuclear leukocytes) . 

The  inflammatory  exudate  is  frequently  contaminated  l)y  red 
blood-corpuscles  due  to  diapedesis  or  hemorrhage. 

3.  Proliferation  of  emigrated  endothelial  leukocytes  and 
lymphocytes,  of  fil^roblasts,  of  vascular  endothelium,  and  of 
epithelial  cells,  if  included  in  the  lesion. 

These  changes  are  partly  ])hysiologic,  partly  morphologic. 
They  lead  to  certain  gross  functional  and  anatomic  a]^])earances 
which  are  usually  recognized  clinically  when  the  injurious  agent 
acts  strongly  on  external  tissues,  and  are  known  as  the  four  cardinal 
signs  of  acute  inflammation;  namely,  redness,  heat,  swelling,  and 
pain.  When  the  injurious  agent  acts  mildly,  one  or  all  of  these 
signs  may  be  lacking. 

The  Four  Cardinal  Signs  of  Acute  Inflammation. — If  a rabliit’s 
ear  is  rulibed  with  croton  oil  the  effect  produced  will  be  visible  in 
one  to  three  hours.  If  the  croton  oil  is  diluted  with  six  to  eight 
parts  of  olive  oil  a longer  time  will  be  required.  If  preferred  the 
rablflt’s  ear  may  be  dipped  for  three  minutes  in  water  heated  to 
54°  C. 

The  first  point  noted  is  that  the  circulation  l)ecomes  more 
active  throughout  the  ear.  The  main  artery  dilates  and  all  the 
blood-vessels  become  more  prominent.  The  affected  ear  appears 
distinctly  redder  than  the  normal  ear  (rubor).  It  also  becomes 
warmer  than  the  other  ear  (calor).  Gradually  the  ear  becomes 
thicker  and  may  even  pit  on  pressure  (tumor).  It  is  more  sensitive 
to  pressure  (dolor).  These  sym])toms,  produced  by  injurious 
agents,  are  known  as  the  cardinal  signs. 

Rubor. — The  redness  is  due  to  increased  influx  of  blood.  When 
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the  eirculation  is  active,  the  color  is  distinctly  red,  as  in  the  p('ripli- 
ery  of  a furuncle.  When  the  blood  stagnates  in  the  large  veins 
congestion  results,  and  the  color  is  of  a dusky  l)luish  hue,  as  in  the 
center  of  a furuncle.  When  the  color  is  due  to  hemorrhage,  the 
redness  remains  after  pressure;  when  it  is  due  to  blood  within 
ves.sels,  the  tissue  blanches  on  pre.ssure.  Not  only  are  the  blood- 
vessels in  the  inflamed  area  dilated,  but  there  is  also  dilatation  of 
the  arteries  which  go  to  the  inflamed  area  and  which  have  not  lj(>en 
acted  upon  directly  by  the  injurious  agent. 

Calor. — The  heat  of  the  part  never  exceeds  the  internal  body 
temperature.  No  heat  is  produced  in  the  affected  area.  The 
increased  temperature  is  due  to  increased  rapidity  of  circulation 
and  increased  supply  of  blood. 

Tumor. — The  swelling  is  produced  almost  entirely  by  the 
exudation;  the  dilatation  of  the  blood-vessels  plays  a very  unim- 
portant part. 


ft  b 

Fig.  G. — Acute  inflammation,  n,  Peripheral  arrangement  of  polymorpho 
nuclear  leukocyte.s  in  vein;  b,  .senun  and  lymphocyte.s  in  dilatefl  lymphatic. 

Dolor. — The  pain  is  due  to  the  jiressure  of  the  exudate  on  the 
nerves.  It  is  often  possible  to  count  the  rate  of  the  heart-beat  l)y 
the  exacerbations  of  pain  due  to  the  increased  pressure  caused  with 
each  systole  of  the  heart,  as,  for  example,  in  toothache.  The 
degree  and  character  of  the  pain  vary  according  to  the  structure 
of  the  tissue  and  the  extent  of  the  injury. 

To  these  four  signs  is  sometimes  added  a fifth,  functio  liesa, 
impaired  function,  shown  in  the  rabbit  treated  with  croton  oil  by 
drooping  of  the  ear. 

The  Circulatory  Phenomena  in  Acute  Inflammation. — The 
changes  produced  in  the  circulation  can  be  observed  directly  in 
living  tissues  by  means  of  the  microscope.  For  this  purpose  the 
frog’s  mesentery  usually  is  chosen.  Although  more  active  agents  can 
be  employed,  exposure  to  air  ordinarily  furnishes  sufficient  injury. 
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Tlie  arteries  show  the  following  changes: 

1.  An  initial  temporary  constriction  followed  l)v — 

2.  A dilatation  of  the  vessels  with  more  rapid  flow  of  blood 
(the  vessels  may  reach  twice  the  normal  size).  Later, 

3.  The  dilatation  of  the  vessels  continues,  but  the  flow  of  blood 
is  slower. 

The  ca{)illaries  in  the  beginning  are  dilated  and  the  flow  is 
more  rapid;  later,  the  dilatation  continues  or  increases  and  the 
flow  is  diminished. 

The  veins  show  dilatation;  the  flow  at  first  is  more  rapid,  liut 
later  becomes  slower. 

In  some  of  the  capillaries  and  veins  the  flow  may  cease  entirely. 

In  the  arteries  and  veins  the  axial  core  is  at  first  more  pro- 
nounced; later,  it  becomes  obliterated. 

The  leukocytes  liccome  attached  to  the  walls  of  the  veins  and 
in  a less  degree  to  the  walls  of  the  arteries,  so  that  the  walls  gradu- 
ally become  lined  with  them. 

EMIGRATION  OF  LEUKOCYTES 

The  emigration  of  leukocytes  can  be  followed,  by  direct  ob- 
servation under  the  microscope,  in  the  mesentery  or  tongue  of  a 
curarized  frog,  or  in  the  web  of  the  foot.  With  certain  precautions 
they  can  also  be  studied  directly  in  the  mesentery  of  warm-blooded 
animals.  Various  irritants  may  l)e  used,  but  exposure  to  the  air 
is  usually  sufficient.  If  desired,  the  tissues  may  be  fixed  at  any 
stage  of  the  process  and  the  finer  details  studied  in  stained  iire- 
parations. 

It  is  chiefly  the  polymorphonuclear  leukocytes  which  emigrate 
under  these  conditions,  but  in  fresh  preparations  it  is  not  easy  to 
distinguish  one  type  of  leukocyte  from  another.  In  projicrly 
fixed  tissues  it  is  jiossilile  to  demonstrate  that  under  certain  con- 
ditions endothelial  leukocytes,  lymphocjdes,  eosinophiles,  and 
probal)ly  mastcells  also  emigrate. 

A leukocyte  in  emigrating  alters  its  contour.  A pointed 
process  of  cytoplasm  pierces  the  vessel  wall.  The  nucleus  and 
the  remainder  of  the  cytoplasm  in  turn  become  attenuated  and 
follow  so  tliat  the  cell  finally  passes  through  the  wall  into  the 
lymph-spaces  of  the  tissue.  This  emigration  of  leukocytes  takes 
])lace  not  only  in  the  small  veins,  but  also  in  the  capillaries,  and 
under  certain  conditions  through  the  walls  of  arteries.  It  takes 
]:>lace  not  only  from  the  vessels  immediately  acted  on  l)y  the 
injurious  agent,  Init  also  from  adjoining  vessels.  The  emigrated 
leukocytes  travel  toward  the  seat  of  injury. 

Certain  facts  about  the  leukoc3'tes  which  emigrate  and  about 
their  functions  may  be  stated  briefly  here. 
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1.  Polymorphonuclear  Leukocytes.— These  cells  ]ilay  the 
most  important  jiart  in  acute  inflammation,  are  the  first  to  emi- 
grate, and  in  the  early  stages  of  the  process  may  be  the  only  ones 
fountl.  They  travel  to  the  point  of  greatest  injury,  invade  masses 
of  bacteria,  frequently  incorporate  certain  varieties  of  them, 
for  example,  strejitococci,  and  gonococci,  and  often  are  killed 
in  great  numbers  by  the  action  of  the  toxins.  They  also  invade 
necrotic  cells  and  dissolve  them  through  the  action  of  ferments 
which  they  secrete. 


Fifi.  7. — Acute  inflammation,  n,  Mitosis  of  endothelial  cell  in  wall  of 
small  vein;  h,  c,  and  d,  emigration  of  polymorphonuclear  leukocytes  through 
the  walls  of  small  blood-vessels. 


Polymorphonuclear  leukocytes  reach  the  injured  tissues  entirely 
by  emigration;  they  do  not  multiidy  by  mitosis  in  the  tissues  like 
some  of  the  other  leukocytes.  They  are  called  out  in  great 
abundance  by  certain  micro-organisms,  especially  the  pus-cocci, 
and  1)}^  certain  chemicals  such  as  croton  oil. 

They  never  incorporate  other  cells,  but  they  do  take  u]i  small 
particles  of  material  such  as  fragments  of  fibrin  or  the  sarcous 
elements  of  digested  muscle. 

2.  Endothelial  leukocytes  ]ilay  a very  important  role  in 
inflammation.  They  are  little  in  evidence  early  in  acute  inflam- 
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imitory  processes  produced  by  strong  injurious  agents.  They 
often  ap]iear  later,  when  the  polymorphonuclear  leukocytes  are 
diminishing  in  numlier  and  the  injurious  agent  is  killed  off  or  is 
weakened  in  activity  or  diminished  in  streng-th. 

They  are  called  out  1)}^  mild  injurious  agents  which  act  for  a 
considerable  length  of  time;  by  agents  which  are  mildly  toxic, 
or  which  act  mechanically  only.  Thus  they  form  the  chief  or 
only  cell  reaction  to  the  leprosy  bacillus,  the  tyjihoid  bacillus,  and 
usually  to  the  tubercle  Ijacillus.  They  accumulate  in  large  num- 
bers in  the  blood  and  lymph-vessels  and  lyin])h-s]iaces  to  counteract 
these  liacteria  and  their  toxins.  The  body  relies  on  them  also  in 
its  struggle  against  the  protozoon  of  Leishmania  tropica  and 
against  certain  other  micro-organisms. 

Endothelial  leukocytes  also  attend  to  most  foreign  liodies; 
to  carbon  and  other  pigments;  to  free  fat  in  various  more  or  less 
chronic  lesions  (arteriosclerosis,  softening  of  brain,  chronic  abscess) 
and  in  fat  necrosis;  to  fat  and  sodium  urate  crystals;  to  inspissated 
])ile,  to  cholesterin  crystals,  hairs,  and  cornified  epithelium  around 
which  they  usually  fuse  to  form  foreign  liody  giant-cells.  They 
do  this  also  around  ]iarticles  of  bone,  thus  forming  the  osteoclasts 
of  })one  and  the  giant-cells  in  most  of  the  so-called  giant-cell 
sarcomas.  They  also  fuse  together  to  form  the  occasional  giant- 
cells  seen  in  leprosy  and  typhoid  fever  and  the  many  giant-cells 
found  in  tuberculosis. 

Endothelial  leukocytes  are  phagocytic  for  certain  micro- 
organisms. They  arc  also  jihagocytic  for  other  leukocytes 
(polymorphonuclear  leukocytes  and  lymphoc>ffes),  and  are  the 
only  leukocytes  which  possess  this  latter  jiroperty.  In  this  marked 
physiologic  property  they  are  like  the  endothelial  cells  from  which 
they  originate.  Under  certain  conditions  they  incorporate  and 
dige.st  large  numbers  of  other  leukocytes  and  of  red  l)lood-cor- 
jiuscles.  They  do  this  when  the  other  cells  are  injured  or  killed 
and  also  a]iparently  when  they  themselves  need  them  as  nutrition 
in  their  struggle  to  form  antitoxins  against  injurious  agents,  as  in 
typhoid  fever. 

Endothelial  leukocytes  emigrate  in  part  from  the  lilood-vessels, 
but  are  derived  also  from  the  endothelial  cells  of  the  ljunphatic 
system.  They  multijily  rapidly  by  mitosis  in  the  tissues  after 
emigration. 

Their  origin,  multiplication  and  fusion  to  form  giant-cells  are 
best  studied  in  lesions  one  to  ten  days  old  produced  hy  the  sub- 
cutaneous injection  of  agar-agar. 

3.  Lymphocytes.—  These  cells  reach  the  tissues  both  from  the 
bloofl  and  from  the  lymph-v(!ssels  by  emigration  and  migration. 
They  multiply  by  mitosis  in  the  tissues.  They  are  never  pha- 
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gocytic  for  inicro-organism.s  or  colls.  Some  of  thorn  undorgo  a 
chango  in  the  tissues  and  appear  in  a form  to  which  the  term  jilasma 
cell  is  applied.  The  change  is  due  to  a large  increase  in  the  amount 
of  cytoplasm  Avhich  has  marked  basophilic  properties,  exceiit  for 
a small  acidophilic  area  adjoining  the  nucleus  in  which  the  cen- 
trosomes  are  always  found.  The  nucleus  is  eccentric.  Fre- 
quently, a plasma  cell  contains  Uvo,  three,  or  even  four  nuclei. 

Lymphocytes  are  most  abundant  after  inflammation  has  lasted 
several  days,  and  are  most  numerous  in  exudative  jirocesses  which 
have  persisted  for  weeks.  The}^  are  most  abuntlant,  as  a rule,  at 
the  periphery  of  a lesion.  In  various  toxic  conditions  the}'  may 
infiltrate  the  different  organs;  for  examjile,  the  kitlney,  spleen, 
and  adrenal  in  diphtheria  and  scarlet  fever. 

\Mien  a lesion  has  apparently  healed,  lymphocytes  often 
persist  in  numbers  for  a long  while  in  the  lymphatics  leading  away 
from  the  affected  tissue,  as,  for  instance,  in  a healed  appendix. 

Plasma  cells  occasionally  undergo  a change  in  their  cytojilasm 
in  consequence  of  which  it  swells  and  is  filled  with  hyaline  globules 
which  stain  rather  deeply  with  eosin. 

The  phrase  “cells  of  the  lymphocyte  series”  is  sometimes  used 
to  include  the  lymphoblast  and  all  the  cells  derived  from  it 
(lymphoblast,  lymphocyte,  lymphoid  cell,  plasma  cell). 

The  child  function  of  the  lymphocyte  seems  to  be  to  neutralize 
or  to  dispose  of  injurious  substances  which  are  being  absorbed 
through  the  lymphatics. 

4.  Eosinophiles. — They  are  found  in  very  small  numliers,  as 
a rule,  in  acute  inflammation,  but  usually  are  more  numerous 
during  the  stage  of  repair.  Sometimes  they  are  quite  abundant; 
for  example,  in  the  mucous  membrane  and  in  the  muscle  coats  of 
an  otherwise  healed  appendix.  Usually  they  are  more  common 
in  chronic  lesions.  Often  they  are  present  in  very  large  numliers 
in  the  stroma  of  cancer  of  the  cervix  uteri  and  in  the  scirrhous  type 
of  lymphoblastoma  (often  called  Hodgkin’s  disease).  Their 
number  in  the  bone  marrow  and  in  the  spleen  is  sometimes  much 
increased. 

The  relative  proportion  of  eosinophiles  in  the  circulating  blood 
is  greatly  increased  in  certain  types  of  infection.  This  is  jiar- 
ticularly  true  in  cases  of  trichiniasis,  where  it  may  run  as  high  as 
thirty  or  forty  per  cent  or  even  in  rare  instances  up  to  sixty  per 
cent. 

The  function  of  the  eosinophile  is  unknown,  but  it  certainly  has 
one,  probably  to  counteract  certain  injurious  chemical  substances. 

In  rabbits  and  some  other  animals  the  proportion  of  eosinoiihiles 
in  the  blood  is  much  larger  than  in  man;  this  condition  must  be 
borne  in  mind  in  studying  tissues  from  such  animals. 
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5.  Mastcells. — Their  function  is  not  known,  l)ut  they  occur 
in  a variety  of  lesions.  They  are  also  present  under  certain  con- 
ditions in  apparently  normal  tissues.  Occasionally,  they  are 
al)undant  in  leiomyomas  of  the  uterus  and  in  other  tumors. 

Diapedesis  of  Red  Blood-corpuscles. — In  the  capillaries  not 
only  the  leukocytes  but  also  the  retl  blood-corpuscles  pass  through 
the  vessel  walls;  the  red  blood-corpuscles  escape  passively  through 
breaks  between  the  endothelial  cells,  and  give  rise  to  small  hem- 
orrhages. This  act  is  called  diapedesis,  and  usually  takes  place 
after  the  emigration  of  leukocytes.  Under  the  influence  of  certain 
agents  diapedesis  may  be  a more  marked  phenomenon  than 
emigration.  It  is  due  apparently  to  the  severe  injury  done  to  the 
vessel  walls  by  these  agents. 

Diapedesis  is  an  accidental  complication  of  inflammation.  It 
is  not  an  essential  ]:)art  of  the  reaction. 

Exudation  of  Lymph. — Besides  the  leukocytes  and  the  red 
blood-corpuscles,  some  of  the  constituents  of  the  blood  plasma 
pass  through  the  walls  of  the  capillaries.  For  the  most  part  this 
is  not  a simple  filtration,  but  is  closely  akin  to  secretion.  This 
fluid,  called  lymph  or  serum,  enters  into  and  dilates  the  lymph- 
spaces  and  vessels  of  the  tissue.  It  differs  chemically  both  from 
normal  lymph  and  from  blood  plasma.  It  is  richer  in  albumin 
and  poorer  in  salts  than  the  latter.  It  escapes  readily  from  the 
surface  of  mucous  membranes,  but  collects  in  serous  cavities.  It 
cannot  escape  through  the  unbroken  skin,  Init  collects  in  the 
epidermis  beneath  the  cornified  layer,  forming  blisters.  Its 
presence  in  the  loose  connective  tissue  (edema)  can  be  demonstrated 
i)y  pressure  which  forces  it  from  the  place  jiressed  ujion,  leaving 
a depression.  This  is  called  jutting. 

The  uses  served  I)y  lymph  arc  to  dilute  the  toxic  substances 
derived  from  the  injurious  agents  and,  in  certain  instances,  to 
neutralize  their  action  by  virtue  of  chemical  substances  already 
present  in  solution  in  the  lymph. 

Fibrin. — Fibrin  forms  in  varying  amount  in  the  lymph  under 
the  action  of  fibrin  ferment  on  fibrinogen.  The  fibrin  fernient 
is  set  free  by  disintegration  of  leukocytes  and  other  cells.  Fibrin- 
ogen is  present  in  the  lymph.  On  microscopic  examination  the 
fibrin  in  the  tissue  appears  as  a network  of  fine  threads  with  nodal 
points.  In  time  the  tlireads  l)econie  coarse  and  may  even  form  a 
dense  hyaline  reticulum.  Sometimes  it  is  granular  or  may  occur 
within  cells,  such  as  those  of  the  liver,  in  the  form  of  globules  and 
short  rods.  Fil)rin  is  formed  most  freciuently  on  surfaces  such  as 
the  air-sacs  of  the  lung  and  serous  surfaces.  Fibrin  disappears 
on  tlu'  addition  of  acetic  acid.  In  hardened  tissues  it  may  l)e 
.stained  differentially. 
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A\'hon  the  tissue  elements  are  destroyed  and  are  bathed  in 
lymph  they  often  become  coated  and  impregnatetl  with  fibrin 
and  stain  like  it;  they  are  sometimes  said  to  have  undergone  a 
fibrinoid  change. 

A\dien  much  fibrin  forms  in  an  exudation,  its  presence  is  some- 
times recognized  in  classifying  the  lesion;  for  example,  fibrinous 
pneumonia,  fibrinous  pericarditis. 

Fibrin  does  not  exude  from  the  vessels.  It  is  a pathologic 
product  formed  out  of  the  serum  which  has  exuded.  Its  jires- 
ence  is  sometimes  harmful,  its  removal  often  impossible,  and  its 
organization  may  lead  to  much  trouble  (pleural  and  pericardial 
adhesions),  and  may  even  cause  death  (internal  hjTlrocephalus 
following  organization  of  fibrin  due  to  acute  epidemic  cerebrospinal 
meningitis). 

The  quantity  of  lymph  called  out  by  different  injurious  agents 
and  the  amount  of  fibrin  formed  vary  greatly.  A few  examiiles 
will  illustrate. 

Mosquito  Bite:  ]\Iuch  serum  quickl}'  poured  out;  little  or  no 
fibrin  formed;  few  leukocytes. 

Croton  Oil:  i\Iuch  serum;  little  fibrin;  many  ])olyniorpho- 
nuclear  leukocytes. 

Diptococcus  Pneumonice:  jModerate  amount  of  serum;  much 
fibrin;  many  polymorphonuclear  leukocytes. 

Bacillus  Tuberculosis:  Serum  usually  moderate  in  amount; 

often  much  fibrin  formed  (lung,  pleural  and  pericardial  cavities); 
in  miliary  tubercles  usually  very  little  serum,  often  much  fibrin; 
many  endothelial  leukocytes. 

Bacillus  Anthracis:  iNIucli  serum;  considerable  filirin;  mod- 
erate number  of  leukocytes;  frequently  diapedesis  of  red  blootl- 
corpuscles. 

VARIETIES  OF  ACUTE  INFLAMMATORY  EXUDATION 

In  acute  inflammation,  as  a result  of  the  varying  nature  of  the 
injurious  agents,  serum  or  leukocytes  may  predominate  in  the 
exudation;  fibrin  may  form  in  abundance  from  the  serum  and 
lie  free  in  the  tissue  spaces  or  in  a cavity,  or  be  attached  lightly  or 
by  reason  of  extensive  necrosis  intimately  to  an  epithelial  surface; 
much  blood  inaj^  be  present  in  consequence  of  diapedesis  or 
hemorrhage;  epithelial  cells  and  mucus  may  be  mingled  with 
the  exudation  from  an  epithelial  lined  surface;  gas  may  lie  formed 
by  the  infectious  agent  or  marked  necrosis  or  initrefaction  jiro- 
duced.  Terms  descrijitive  of  these  various  peculiarities  are  often 
emjiloyed  and  serve  a certain  useful  function. 

The  same  injurious  agent  may  and  usually  does  cause  more 
than  one  type  of  exudation. 
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1.  Serous  Exudation. — The  exudation  is  chiefly  fluid.  Poly- 
morjflionuclear  leukocytes  are  always  present  in  at  least  small 
numbers  anti  a little  fibrin  may  form.  An  exudation  often  starts 
serous  in  character,  but  ends  by  containing  much  fibrin  or  many 
polymorphonuclear  leukocytes  or  both.  The  serous  type  of 
exiulation  is  often  comi)licated  l)y  the  iiresence  of  red  blood- 
corjmscles  as  a result  of  diapedesis  or  hemorrhage. 

When  a serous  exudation  takes  jdace  into  the  ti.ssue  lymph- 
spaces  it  is  spoken  of  as  inflammatory  edema,  and  the  tissue 
afl'ected  is  characterized  bj^  swelling  and  a doughy  consistence, 
anti  usually  by  retlness.  If  the  exutlation  j^ersists  a long  time, 
the  tissue  cells  may  imbibe  fluid  anti  swell,  anti  the  collagen  anti 
other  intercellular  fibrils  may  untlergo  various  retrogratle  changes. 

If  the  exudation  occurs  beneath  squamous  epithelium,  it  may 
give  rise  to  the  formation  of  vesicles. 

An  excellent  exanijile  of  a serous  exutlation  may  be  producetl 
experimentally  by  tlipping  a rabbit’s  ear  for  three  minutes  into 
water  heatetl  to  54°  C.  In  man  it  is  protluced  (at  least  in  sus- 
ceptible intlividuals)  by  mostiuito  bites.  It  is  usual  in  the  first 
stage  of  lobar  ])neumonia  tlue  to  the  tliplococcus  lanceolatus.  It 
is  sometimes  causetl  by  the  streiitococcus  pjmgenes  anti  by  other 
organisms. 

2.  Fibrinous  Exudation. — It  consists  of  serum  anti  leukoc^ytes 
(chiefly  polymorjihonuclear),  but  fibrin  forms  so  abimtlantly  from 
substances  in  the  serum  that  usually  it  tlominates  the  gross  and 
hi.stologic  picture  and  forms  the  most  striking  characteristic. 
This  type  of  exutlation  may  occur  diffusely  in  lymph-s]iaces,  but 
it  is  most  common  on  serous  anti  epithelial  linetl  surfaces.  It 
usually  fills  up  small  cavities  such  as  the  air-sjiaces  of  the  lungs, 
but  in  the  large  cavities  anti  on  free  surfaces  it  forms  a definite 
layer  or  membrane  composed  of  fibrin  threatls  ami  meshworks 
mattetl  together. 

The  amount  of  necrosis  associated  with  fibrinous  exudations 
varies  greatly.  If  it  is  slight  and  superficial,  the  layer  of  fibrin 
is  readily  peeled  off  leaving  a smooth  but  usually  dull  surface. 
If  the  necrosis  is  marked  and  extends  deeply,  as  often  happens  on 
epithelial  surfaces,  fibrin  forms  all  through  the  necrotic  tissue  and 
bintls  it  more  or  less  intimately  to  the  fibrin  layer  on  the  surface, 
so  that  the  combined  layer  either  cannot  be  stripped  off  or  leaves 
a ragged  surface  behind. 

idle  effort  to  di.stinguish  different  types  of  fibrinous  layers  or 
membranes  has  led  to  the  employment  of  descriiffive  terms,  which 
are,  to  say  tlie  least,  often  confusing. 

The  trouble  arises  from  two  sources; 

{a)  The  employment  of  the  clinical  term  diphtheritic  and  its 
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derivatives,  diphtheroid  anti  iiseiido-diphtheritic,  in  a juirely 
anatomic  sense  for  certain  types  of  fibrinous  meinliranes  on  epi- 
thelial surfaces. 

{b)  The  attemjit  to  distinguish  three  different  types  of  fibrinous 
membranes  according  to  the  intimacy  of  their  attachment  to  the 
underlying  surface  anti  accortling  to  the  amount  of  necrosis  ]iresent. 
The  final  distinction  lietween  them  has  to  be  made  with  the 
microscope,  although  we  learn  to  recognize  the  different  varieties 
with  a certain  amount  of  confidence  according  to  the  location  of 
the  lesion  and  the  nature  of  the  infectious  agent. 


Fig.  S. — Lung.  Lobar  pneumonia.  Alveolus  filled  with  an  exudation  of 
serum  and  polymorphonuelear  leukocytes.  Much  fibrin  has  formed.  At  two 
points  it  runs  through  openings  in  the  alveolar  wall.  M. 


The  three  varieties  of  membranes  can  be  best  distinguished  by 
stating  their  chief  points  of  difference  and  giving  ty]iical  examples 
of  each.  It  will  be  noticed  that  the  diphtheria  bacillus  produces 
all  three  types,  depending  for  the  most  jiart  or  entirely  on  the 
anatomic  structure  of  the  surface  on  which  the  toxin  of  the  bacillus 
acts. 

(i)  Fibrinous  Exmlation  (Croupous  Inflammation). — The 
necrosis  is,  as  a rule,  slight,  and  often  demonstrable  only  with 
difficulty.  It  is  limited  to  the  lining  epithelium  or  on  a squamous 
epithelial  surface  to  the  upper  layers  of  cells  only.  The  threads 
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composing  tlio  fibrin  reticulum  are  relatively  delicate.  The  fibrin 
can  be  stripped  off  readily  and  leaves  a smooth  but  usually 
dull  surface.  In  the  stage  of  organization  of  this  fibrinous  exudate, 
however,  the  fibrin  threads  usually  thicken  up,  ami  the  fibrin 
membrane  becomes  adherent  owing  to  the  grovdh  of  blood-vessels 
and  connective  tissue  into  it. 

The  typical  fibrinous  exmlation  is  jiroduced  by  the  diplococcus 
lanceolatus  in  the  lung,  the  pleural  cavity,  the  meninges,  etc. 
The  same  type  of  exudation  is  often  produced  by  other  organisms; 


Fig.  9. — Aputo  inflammation.  Diphtheritic  (fibrinous)  membrane  on  surface 
of  trachea.  Ba.sement  membrane  appears  as  a broad  pale  line.  M.andW. 


by  the  diphtheria  bacillus  in  the  trachea,  and,  at  the  beginning  of 
its  action,  on  the  tonsils,  the  pharynx  and  elsewhere;  l>y  the 
streptococcus  in  the  lungs  and  meninges;  sometimes  l)y  the 
tubercle  bacillus,  especially  in  the  meninges. 

(ii)  Diphtheroid  ( Pseud, o-di])htheritic)  Inflamuudion.  — The 
necrosis  is  more  extensive  than  in  the  simple  fibrinous  tyjie  and 
involves,  on  a surface  covered  with  squamous  epithelium,  several 
layers  of  the  epithelial  cells  and  may  even  in  places  extend  a little 
into  the  underlying  connective  tissue.  The  deejier  lying  threads 
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of  the  fibrin  reticulum  are  coarse  and  hyaline.  This  tyjie  of  mem- 
brane is  tough  and  tenacious.  It  is  stripjied  off  with  more  or  less 
difficulty,  and  leaves  a ragged  surface  which  may  show  bleetling 
]ioints. 

The  diphtheroid  membrane  is  jiroduced  by  the  diphtheria 
bacillus  more  often  than  the  anatomically  diphtheritic  membrane, 
especially  over  the  tonsils. 

(ill)  Diphtheritic  (Necrotic)  Inflammation. — The  necrosis  is 
often  the  most  prominent  feature  of  the  lesion  and  extends  deejily 
into  the  tissues  uiulerlying  the  epithelial  surface.  In  the  gastro- 


Fig.  10. — Large  intestine.  Diphtheritic  colitis.  Necrosis  of  mucosa,  fibrin 
formation,  leukocytic  infiltration.  AI. 


intestinal  tract  it  may  involve  the  entire  thickness  of  the  mucosa. 
The  necrotic  connective  tissue  and  blood-vessels  bathed  in  the 
exuding  serum  swell  and  undergo  a fibrinoid  change.  The  fibrin 
on  the  surface  is  often  not  conspicuous  and  may  be  absent  owing 
to  maceration  and  desquamation,  or  because  the  injurious  agent 
was  so  .strong  and  death  so  sudden  that  it  had  not  time  in  which 
to  form.  The  necrotic  ti.ssue  resembles  a membrane,  but  it  cannot 
be  stripped  off. 

This  type  of  inflammation  is  most  common  in  the  urinary 
bladder,  the  intestine,  and  the  uterus,  but  may  occur  elsewhere, 
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as  in  the  stomach  or  moutli,  ami  is  often  comiilicated  with  putre- 
faction. 

It  may  be  due  to  bacteria  (dysentery,  colon,  and  diphtheria 
bacilli)  or  to  chemical  agents  (carbolic  acid,  corrosive  sublimate). 

To  sum  up:  The  simiile  fibrinous  exudation  shows  much  filirin 
and  little  necrosis;  the  diphtheritic,  much  necrosis  and  sometimes 
little  or  no  fibrin;  the  diphtheroid  lies  between  the  two  extremes 
and  is  less  definitely  characterized. 

3.  Purulent  Exudation  or  Suppuration. — Leukocytes  are  abun- 
dant; serum  is  present  in  varying  quantities,  rendering  the 
exudation  thick  or  thin  accordingly;  fibrin  is  usually  scanty  or 
lacking.  Of  the  leukocytes  the  polymorphonuclear  predominates, 
and  frequently  is  practically  the  only  one  present.  Endothelial 


Fig.  11. — Acuto  inflammatory  exudation,  a,  Cliicfly  polymoridionuclear 
leukocytes  and  fibrin;  h,  polymorphonuclear  and  endothelial  leukocytes,  also 
several  lymphocytes. 


leukocytes  are  usually  present  in  small  numbers  and  may  be  fairly 
abundant.  Lymphocytes  are  sometimes  numerous,  while  eosino- 
philes  are  rare. 

This  type  of  exudation  is  commonly  called  pus,  and  the  cellular 
elements  composing  it  pus-cells;  hence  the  term  pus-cell  is  gen- 
erally regarded  as  synonymous  with  polymorphonuclear  leukocyte, 
although  it  is  not  necessarily  so.  The  leukocytes  usually  contain 
much  glycogen  and  numerous  fat-droplets. 

Ihirulent  exudations  in  organs  and  tissues  are  always  combined 
with  necrosis  and  solution  of  tissue.  When  this  occurs  focally, 
the  resulting  lesion  is  ternKnl  an  abscess;  when  it  spreads  through 
the  lymph-spaces  and  vessels,  it  is  called  diffuse  suppuration.  An 
abscess  extending  to  the  surface  of  the  skin  or  a mucous  membrane 
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ami  continuing  to  discharge  its  contents  there  lieconies  a fistula 
or  ulcer  according  to  its  shape.  Small  localized  collections  of  pus 
in  the  surface  of  the  skin  or  mucous  membranes  are  called  jmstules, 
while  suppuration  spreading  rapidly  and  extensively  through  the 
subcutaneous  tissue  with  solution  of  it  and  the  overlying  epidermis 
is  known  as  phlegmon. 

Suppuration  in  a pre-existing  cavity,  such  as  the  pleural  cavity 
or  the  gall-bladder,  is  usually  termed  emiiyema. 

Suppuration  is  usually  due  to  bacteria,  especially  to  the 
staphlyococcus  pyogenes  aureus  and  to  the  streptococcus  jiyogcnes. 
Other  organisms  which  may  cause  a purulent  exudation  are  the 
gonococcus,  the  tubercle  bacillus,  the  colon  bacillus,  the  acti- 
nomyces,  etc.  Experimentally  it  has  been  shown  that  suppura- 
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12. — Acute  inflammation.  Oviduct.  Migration  of  polymorpho- 
nuclear leukocytes  between  the  lining  ciliated  epithelium  into  the  lumen  of 
the  tube. 


tion  may  also  be  produced  without  bacteria  by  jnirely  chemical 
reagents,  such  as  croton  oil  or  calomel.  Suiipuration  jirodticed  in 
this  way  does  not  spread,  however,  because  the  injurious  agent 
cannot  multiply  and  extend  peripherally. 

The  tissue  solution  in  supiniration  is  generally  due  to  the  action 
of  ferments  secreted  by  the  polymoriihonuclear  leukocytes  at- 
tracted by  the  injurious  agent  and  the  necrotic  cells.  Sometimes, 
however,  the  injurious  agent  itself  causes  tissue  solution,  as,  for 
example,  bacillus  aerogenes  capsulatus  in  infections  of  muscles. 

4.  Hemorrhagic  Exudation. — Red  blood-corpuscles  in  varying 
numbers  are  usually  present  as  the  result  of  diajiedesis  or  of  hem- 
orrhage in  the  three  common  varieties  of  acute  exudations  already 
described.  When  they  are  very  abundant  and  esiiecially  when  they 
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form  the  most  conspicuous  feature,  the  exudation  in  which  they 
occur  and  which  otherwise  would  be  called  serous,  fibrinous,  less 
often  purulent,  is  commonly  termed  hemorrhagic.  The  red 
blood-corpuscles  form  a contamination  of  the  exiulation  and  serve 
no  useful  function.  They  are  foreign  bodies  which  have  to  be 
removed  for  the  most  part  through  the  agency  of  endothelial 
leukocytes.  When  they  are  poured  out  under  arterial  pressure, 
they  may  mechanically  cause  much  injury  which  has  to  be  repaired. 

The  hemorrhagic  type  of  exudation  is  more  common  in  con- 
nection with  irritants  which  affect  injuriously  the  vessel  walls. 
Thus  it  frequently  attends  septicemias  due  to  the  diplococcus 
lanceolatus  and  the  streptococcus  pyogenes.  It  also  occurs  when 
marked  congestion  from  any  cause  accompanies  an  inflammatory 
reaction. 

5.  Catarrhal  Inflammation.^ — Tlie  exudation  from  mucous 
surfaces  is  often  contaminated  with  mucus  and  desquamated  e]ii- 
thelial  cells  whose  presence  is  recognized  in  the  term  catarrhal 
inflammation.  The  term  is  also  commonly  used  by  the  Germans 
as  synonymous  with  simple  acute  inflammation. 

REACTION  TO  MILD  INJURIOUS  AGENTS 

We  have  seen  that  strong  injurious  agents  produce  more  or 
less  severe  injury  and  a marked  inflammatory  reaction  consisting 
chiefly  of  serum  (from  which  much  fibrin  may  form)  and  of  poly- 
morphonuclear leukocytes.  Endothelial  leukocytes,  lymphocytes 
and  eosinophiles  usually  play  a minor  part,  at  least  at  first. 
After  the  reaction  has  lasted  a short  time,  however,  one  or  another 
of  these  other  leukocytes  may  become  more  abundant  as  various 
chemical  products  attract  them. 

Other  injurious  agents  exist,  however,  which  cause  varieties 
of  inflammatory  reaction  which  are  different  from  those  already 
described.  They  are  best  classed  as  the  mild  injurious  agents. 
They  consist  in  part  of  micro-organisms  which  give  rise  to  the 
pro(luction  of  weak  toxins;  in  part,  of  strong  toxins  from  various 
sources  which  if  sufficiently  diluted  may  act  also  as  mild  irritants. 
Belonging  to  this  group  of  the  mild  injurious  agents  are  the 
typhoid  bacillus,  the  Leishmania  trojiica,  the  still  more  slowly 
acting  leprosy  bacillus,  the  diluted  toxin  produced  by  the  dijilo- 
coccus  lanceolatus,  carbon,  fat  and  its  jiroducts.  The  tubercle 
bacillus  belongs  usually  with  the  mild  irritants,  but  sometimes 
must  be  classi'd  with  the  strong  injurious  agents.  The  blasto- 
myces,  the  oidium,  and  the  glanders  bacillus  likewise  vary  between 
the  two  groups,  but  usually  are  to  be  regartled  as  strong  injurious 
agents. 

The  injury  produced  by  the  mild  irritants  is  slight  and  certainly, 
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as  a rule,  cannot  lie  doinonstrated  morpliologically.  On  tlie  other 
hand,  the  inflammatory  reaction  is  usually  marked  and  may  itself 
leatl  to  serious  consequences. 

The  most  common  inflammatory  reaction  to  mild  irritants 
consists  of  an  exudation  and  proliferation  of  endothelial  leukocjdes 
which  sometimes  accumulate  in  very  large  numbers.  The  en- 
dothelial leukocyte  (to  which  must  be  added  under  certain  con- 
ditions the  attached  endothelial  cell)  seems  to  be  the  only  one 
capable,  under  ordinary  conditions,  of  counteracting  the  toxins 
of  bacillus  typhosus,  bacillus  tuberculosis,  bacillus  leiine,  and 
Leishmania  tropica.  To  the  endothelial  leukocytes  may  be  added 
serum  (from  which  much  fibrin  may  form),  lymphocytes,  poly- 
morphonuclear leukocytes,  and  rarely  eosinophiles. 

Other  injurious' agents  attract  lymphocytes  in  large  numbers 
so  that  focal  accumulations  of  some  size  may  occur  in  various 
organs  and  tissues;  for  instance,  in  the  heart,  kidney,  adrenal,  • 
and  skin.  In  one  tyj:>e  of  acute  tubular  nephritis  lymphocytes 
predominate  to  such  an  extent  that  the  lesion  has  been  termed 
acute  interstitial  non-suppurative  nejihritis. 

Occasionally,  the  eosinophile  plays  an  important  jiart  in 
exudations.  It  may  increase  greatl}^  in  number  in  the  circulation 
in  trichiniasis,  for  example  (20  to  GO  per  cent),  and  emigrate 
to  collect  around  the  trichimE  in  the  muscles.  Sometimes  it 
collects  in  great  numbers  in  other  lesions  so  as  to  form  the  ])re- 
dominating  leukocyte,  thus  often  in  the  scirrhous  type  of  lymiiho- 
blastoma,  and  occasionally  in  carcinoma  of  the  cervix  uteri. 

The  inflammatory  reactions  to  mild  irritants  are  usually  not 
classified  as  such  (endothelial  or  lymphocytic  reaction)  but  etio- 
logically.  Thus  we  speak  of  tyjihoid  lesions  of  the  intestine,  acute 
miliary  tuberculosis,  lejirosy,  Alle]io  boil.  On  the  other  hand,  we 
say  acute  intracapillary  or  capsular  glomerulone])hritis,  although 
the  lesion  in  the  one  instance  may  consist  only  of  endothelial  cells 
or  leukocytes,  in  the  other  only  of  ]:)roliferated  epithelial  cells. 

It  is  not  necessary  to  go  into  details  at  this  iioint  in  regard  to  these 
different  varieties  of  exudation  ])roduced  by  mild  injurious  agents. 
They  will  be  taken  up  at  length  in  connection  with  the  s]iecial 
injurious  agents  which  produce  them.  Here  it  is  only  im]iortant 
to  appreciate  the  relation  of  these  inflammatory  reactions  to  those 
which  have  been  described  as  produced  by  the  strong  injurious 
agents. 

REACTION  TO  INJURIOUS  AGENTS  WITHIN  THE  CIRCULATION 

Some  injurious  agents  act  only  outside  of  the  circulation 
(tiEiiia  solium),  others  only  within  it  (jilasmodium  malariie). 
Most  infectious  agents  are  found  chiefly  in  one  situation  or  the 
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other,  but  occur  frequently  in  both  (staphylococcus  pyogenes 
aureus,  tubercle  bacillus). 

The  injury  and  reaction  produced  by  injurious  agents  outside 
of  the  circulation  have  been  described.  Those  produced  within 
the  circulation  are  rarely  striking  (destruction  of  red  blood-cor- 
puscles in  malaria,  for  instance). 

Nature’s  means  for  defense  are  nearly  all  present  in  the  blood. 
Those  leukocytes  which  are  most  effective  in  counteracting 
organisms  or  toxins  or  both  are  increased  in  number,  thus  the 
pol}Tnorphonuclear  leukocyte  in  staiihylococcus  pyogenes  aureus 
septicemia,  the  endothelial  leukocyte  (especially  in  the  jiortal 
circulation)  in  typhoid  fever,  the  lynijihocyte  in  whooping  cough, 
the  eosinojihile  in  trichiniasis.  The  chemical  constitution  of  the 
blood  plasma  may  be  altered  and  new  substances  be  produced  in 
it  (typhoid  antitoxin),  probalily  through  the  action  of  the  leu- 
kocytes best  fitted  to  counteract  the  injurious  toxin.  The  bone 
marrow  may  become  hyperjilastic.  The  spleen  may  increase  in 
size  owing  to  the  accumulation  of  numerous  leukocytes  in  it 
(polymorphonuclear  leukocytes  in  streptococcus  pyogenes  sep- 
ticemia, endothelial  leukocytes  in  typhoid  fever). 

The  endothelial  cells  lining  the  blood-vessels  often  play  an 
important  part,  acting  in  many  respects  like  the  endothelial 
leukocytes  which  are  derived  from  them.  They  take  up  many 
kinds  of  organisms  (tubercle  bacillus,  leprosy  liacillus,  Leishmania 
tropica).  Some  they  destroy;  in  other  instances  they  act  as 
helpless  hosts  for  the  jiarasites  multiplying  within  them.  Some- 
times they  proliferate  and  desciuamate  fairly  rapidly,  thus  causing 
increase  in  the  number  of  endothelial  leukocytes  (typhoid  fever, 
miliary  tuberculosis). 

f\'hile  these  points  may  seem  of  minor  consideration  in  com- 
parison with  the  gross  lesions  caused  l)y  exudations,  it  is  important 
to  bear  them  in  mind  because  they  help  in  the  understanding  of 
certain  lesions.  Thus,  in  generalized  miliary  tuberculosis  each 
separate  tubercle  starts  in  a blood-vessel,  usually  a ca])illary,  as 
the  result  of  a tubercle  liacillus  being  incorporated  liy  one  of  the 
lining  endothelial  cells.  The  cellular  reaction  to  the  toxin  derived 
from  this  tubercle  bacillus  and  its  descendants  consists  usually 
of  nothing  but  an  accumulation  of  endothelial  leukocytes,  first  in 
the  capillary,  where  the  bacillus  is  lodged,  then  in  the  adjoining 
cai)illaries  and  lymph-spaces.  By  occlusion  of  the  blood-  and 
lynii)h-vess('ls,  nutrition  is  cut  off,  and  first  the  tissue  cells  and 
then  the  endoth(>lial  leukocytes  undergo  necrosis.  In  order  to 
understand  the  lesions  jiroduced  by  the  tubercle  bacillus  or  any 
other  injurious  agent  it  is  necessary  to  know  nature’s  reaction  to 
it,  that  is,  what  means  she  employs  against  the  agent,  whether  it 
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is  locatetl  in  the  blootl,  in  a lymph-siiace  or  vessel,  or  in  a cavity 
lined  with  epithelium  or  mesothelium. 

No  attempt  will  be  made  here  to  go  farther  into  this  subject 
from  the  general  point  of  view,  but  under  some  of  the  special 
infectious  agents  the  reaction  which  each  causes  in  the  circulation 
will  be  described. 

Repair 

Introduction. — Repair  is  a broad  term  applied  to  all  the 
processes  following  the  injury  and  exudation  caused  by  an  in- 
jurious agent.  It  inclutles  removal  and  encapsulation  of  foreign 
liodies  of  all  sorts,  the  organization  of  fibrin  and  lime  salts,  and  the 
regeneration  of  cells  and  parts  of  cells. 

The  various  processes  included  under  repair  are  necessarily 
discussed  separately.  It  must  not  be  imagined,  however,  that 
they  occur  in  nature  in  the  order  in  which  thej^  are  taken  up  anti 
after  the  exudation  has  ceased.  Instead,  all  the  various  steps 
described  under  inflammation  (including  injury,  exudation,  and 
repair)  are  usually  more  or  less  intimately  combined  and  therefore 
confusing  to  the  beginner.  It  requires  long  training  and  a thorough 
acquaintance  with  all  the  various  processes  to  be  able  to  disen- 
tangle them,  and  to  recognize  the  significance  and  relative  import- 
ance of  each. 

Under  repair  it  is  necessary  to  consider  in  due  order  the  means 
employed  to  get  rid  of  foreign  bodies  of  every  kind,  the  organi- 
zation of  fibrin,  less  often  of  lime  salts,  the  regenerative  ability  of 
the  different  types  of  cells  when  some  of  them  are  destroyed  without 
injury  to  the  adjoining  blood  and  connective  tissues,  healing  or 
tissue  repair  when  all  cells  in  a given  area  undergo  necrosis,  and, 
finally,  healing  or  tissue  repair  in  certain  special  organs  and  tissues. 

FOREIGN  BODIES 

Toxic  substances  derived  chiefly  from  injurious  agents,  but 
also  to  some  extent  from  the  injured  and  necrotic  tissue,  are 
counteracted  chemically  so  far  as  it  is  possilile  by  substances 
already  contained  in  the  blood  plasma,  or  manufactured  by  the 
leukocytes.  Besides  the  toxic  substances,  however,  which  must 
be  neutralized  or  excreted  and  the  serum  which  must  be  absorbed 
through  the  lymphatics,  there  often  remain  numerous  bodies  of 
various  sorts  which  must  be  regarded  as  mild  types  of  irritants, 
and  which  have  to  be  got  rid  of  before  regeneration  of  cells  can 
result  in  more  or  less  coinjilete  rejiair  of  a lesion.  Some  of  these 
different  kinds  of  foreign  bodies  are  derived  from  the  injurious 
agents,  some  from  the  injured  tissues  and  from  hemorrhage,  while 
still  others  are  to  be  regarded  as  pathologic  products. 
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The  following  list  will  give  an  idea  of  the  kind  of  foreign  bodies 
which  sometimes  require  removal  from  inflaniniatory  lesions  before 
perfect  healing  can  take  place: 

Living  and  dead  bacteria;  capsules  of  pneumococci  and  of 
Friedliinder’s  bacilli;  colonies  and  clubs  of  actinomycetes;  blast o- 
mycetes;  fats  from  tubercle  and  leprosy  bacilli;  sodium  urate 
crj'stals;  sutures;  hairs. 

Necrotic  cells  and  the  intercellular  products  of  some  of  them, 
such  as  collagen  and  elastic  fibrils,  cartilage  and  bone;  myelin 
from  nerve-sheaths;  fat  derived  from  necrotic  cells  of  all  kinds 
and  especially  from  necrotic  fat  cells. 

Secretions  and  pathologic  products  of  various  kinds,  including 
fat  and  its  derivatives;  fatty  acid  and  cholesterin  crystals;  bile;  lime 

salts ; h e m o r r h a g e 
and  the  pigments 
derived  from  the  hem- 
oglobin; colloid;  amy- 
loid; fibrin. 

F o r r e in  o v i n g 
foreign  l)odies  nature 
uses  ajiparently  the 
activities  of  only  the 
])olymorphonuclear 
and  endothelial  leu- 
kocytes. These  agents 
act  by  means  of 
ferments  which  they 
secrete  and  which  are 
able  to  dissolve  or 
digest  many  of  these 
foreign  bodies. 

Some  of  the  foreign  bodies,  such  as  living  and  dead  bacteria 
and  their  capsules,  they  incorporate  and  digest;  others,  such  as 
necrotic  cells,  they  invade  or  surround  and  dissolve.  The  two 
types  of  leukocytes,  however,  are  not  able  to  perform  exactly 
similar  functions.  Both  can  incorporate  bacteria  although  usually 
not  the  same  kinds;  and  both  may  invade  or  surround  and  dissolve 
necrotic  cells;  but  only  the  endothelial  leukocyte  takes  up  red 
blood-corpuscles  and  carbon,  for  instance,  or  attem]its  to  dissolve 
cholesterin  crystals  or  hairs  or  cornified  e]iithelium. 

Foreign  Body  Giant-cells. — A\'hen  an  endothelial  leukocyte 
finds  difficulty  in  dissolving  a substance,  as,  for  instance,  lime  or 
certain  fat  products  or  the  blastomyces,  it  frequently  fuses  with 
other  endothelial  leukocytes  to  form  a multinucleated  mass  of 
cytoplasm,  commonly  termed  a foreign  body  giant-cell.  Tf  the 
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foreign  body  is  too  large  for  one  leukocyte  to  incorporate  (clioles- 
t(‘i'in  crystals,  hairs),  one  or  more  giant-cells  are  formed  Mdiich 
surround  it  or  plaster  themselves  on  its  surface. 

Foreign  body  giant-cells  are  usuall}^  numerous  in  the  lesions 
due  to  the  tubercle  bacillus  and  the  blastoniyces;  also  in  many 
lesions  involving  bone.  Frequently,  they  are  present  in  large 
numbers  around  fat  iiroducts,  especially  cholesterin  crystals  (old 
healing  abscesses,  chronic  mastitis) ; also  around  elastic  fibrils 
(healing  furuncle);  hairs  (pilonidal  sinus,  inflamed  dermoid  cyst); 
cornified  epithelium  (inflamed  wen,  ejiidermoid  cancer);  urate 
of  sodium  crystals  (gout). 

Parasitism. — Many  micro-organisms  incorjiorated  by  leu- 
kocytes are  not  destroyed.  Instead,  they  seem  under  ordinary 


Fig.  14. — Repair.  Foreign  body  giaiit-eells  formed  around  ehole.sterin 
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conditions  to  flourish  and  multi]ily  abundantly  as  jiara.sites  within 
the  cells.  Thus  the  gonococcus  inhabits  the  p()lymor])honuclear 
leukocyte  and  the  leprosy  bacillus  and  the  L('ishmania  tropica, 
usually  the  endothelial  leukocyte  and  also  the  endothelial  cell. 
The  organisms  are  frequently  present  by  dozens  in  these  cells  vdiich 
they  in  turn  do  not  destroy.  Possibly  the  leukocytes  neutralize 
to  some  extent  the  toxins  eliminated  by  the  organisms. 

Necrotic  Tissue. — Necrotic  cells  are  usually  readily  dissolved 
polymorphonuclear  and  endothelial  leukocytes.  Sometimes 
one  does  the  work,  sometimes  the  other;  occasionally  the  two 
together.  The  reason  for  the  presence  of  the  one  or  the  other 
leukocyte  seems  to  depend,  in  certain  instances  at  lea.st,  on  the 
nature  of  the  injurious  agent  which  destroyed  the  cells. 
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Reiiioval  of  necrotic  cells  on  a large  scale  and  in  a comjiaratively 
short  time  is  seen  in  the  early  stage  of  acute  yellow  atrophy  of  the 
liver.  In  this  lesion  the  circulation  of  the  organ  is  not  interfered 
with.  But  in  an  infarction  of  the  kidney,  for  example,  where  the 
blood-vessels  and  connective  tissue  are  all  destroyed  as  well  as 
the  epithelial  cells,  although  the  process  starts  activel}'  enough  at 
the  peri]ihery  of  the  lesion,  it  soon  quiets  down  and  requires  a very 
long  time  to  transform  the  infarction  into  a scar. 

In  several  forms  of  tumors,  but  especially  in  melanomas,  the 
cells  at  some  distance  from  the  Iilood-vessels  frequently  undergo 
necrosis  which  may  be  very  extensive.  The  necrotic  cells  rarely 
attract  any  leukocjdes,  proliably  because  they  very  slowly  dissolve 
and  disa]i]3ear  by  al)SOi’]3tion  leaving  the  blood-vessels  surrounded 

b}^  thin  sheaths  of  living 
tumor  cells. 

Collagen  fibrils  are 
more  easily  dissolved  than 
elastic  filirils.  The  latter 
often  require  the  long- 
continued  action  of  foreign 
bod.y  giant-cells. 

Bone  is  exceedingly 
difficult  to  dissolve.  Even 
minute  jiarticles  lead  to 
the  formation  of  giant- 
cells.  Large  masses  may 
persist  for  years  or  indefi- 
nitely, unless  removed 
mechanically. 

Myelin  and  the  fat 
derived  from  it  are  taken 
u])  by  endothelial  leukocytes  which  collect  largely  in  the  lymph- 
s]iaces  around  and  within  blood-vessels.  There  they  ajiparently 
persist  for  a long  time  while  they  digest  the  fat. 

Fat  is  also  derived  from  necrotic  cells  and  leukocytes  and 
espi'cially  from  necrotic  fat-cells.  In  fat  necrosis  endothelial 
leukocytes  collect  and  multiply  by  mitosis  in  numbers  around  the 
fat  formerly  contained  in  fat-cells.  They  often  form  a regular 
single  or  double  row  of  cells  which  have  lieen  mistaken  for  regen- 
erating fat-cells. 

Wdien  fat  collects  in  consideralile  quantities,  as  in  old  abscesses 
or  in  the  ducts  in  chronic  mastitis,  it  frefiuently  undergoes  chemical 
cfianges,  giving  rise  to  fatty  acid  and  cholesterin  crystals  which  in 
time  may  lead  to  the  formation  of  nuuKTous  giant-cells. 

Masses  of  inspissated  bile  in  the  bile  capillaries  of  the  liver 
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Fig.  1.5. — Repair.  Foreign  body 

giant-cells  form('d  around  a hair  in  a 
pilonidal  sinus. 
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often  escape  through  the  surroumling  wall  of  liver  cells  and  are 
taken  iij)  by  endothelial  leukocytes  and  gradually  digested. 

Earely  colloid  in  the  thyroid  gland  and  amyloid  in,  for  instance, 
the  wall  of  the  urinary  bladder  become  foreign  bodies  and  lead  to 
the  formation  of  numerous  giant-cells. 

Red  Blood-corpuscles. — When  red  blood-corpuscles  escape  into 
the  tissues  through  diapedesis  or  hemorrhage,  one  of  two 
things  may  happen  to  them:  They  may  be  incorporated  by  en- 
dothelial leukocytes  or  they  may  disintegrate  and  set  free  their 
hemoglobin.  From  the  hemoglobin  thus  set  free  heniatoidin 
crystals  may  form  in  the  same  way  that  they  may  in  blood  pre- 
served in  a test-tube.  Hematoidin  is,  therefore,  not  due  to  cell 
activity.  Chemically  it  does  not  respond  to  the  ordinary  tests 
for  iron.  i\lore  often  all  or  most  of  the  hemoglobin  gradually 
diffuses  into  the  surrounding  tissues,  where  it  ma}^  in  part  at  least 
be  precipitated  in  the  form  of  irregular  granules. 

The  hemoglobin  in  the  red  blood-corpuscles  incorporated  in 
endothelial  leukocytes  is  transformed  b}"  cell  activity  into  hemo- 
siderin, a collective  term  applied  to  jiigments  which  give  the  iron 
reaction.  The  hemoglobin  diffused  from  the  disintegrated  red 
blood-corpuscles  is  taken  up  also  by  endothelial  leukocytes  through 
imbibition  or  by  phagocytosis,  and  transformed  in  the  same  way 
into  hemosiderin.  In  the  course  of  a long  time  (months  to  years) 
the  hemosiderin  is  decolorized  and  digested  and  finally  disappears 
from  the  cells.  When  carbon  is  also  taken  up  by  the  endothelial 
leukocytes,  as  frequently  happens  in  the  lungs,  the  hemosiderin 
is  deposited  around  it. 

Red  blood-corpuscles  are  more  likely  to  be  taken  up  by  endo- 
thelial leukocytes  when  they  are  jiresent  in  small  numbers  only. 
^^’hen  the  hemorrhage  is  large,  the  leukocytes  can  necessarily 
attack  only  the  periphery  of  it.  Under  these  conditions  the  blood 
clots,  the  red  blood-corpuscles  gradually  disintegrate  and  the 
hemoglobin  is  set  free,  the  fibrin  stimulates  organization  and  the 
blood  from  the  hemorrhage  is  finally  replaced  liy  pigmented  scar 
tissue.  If  the  organization  is  incomplete,  as  frequently  happens 
in  the  brain,  a cyst  eventually  remains  containing  clear  fluid,  but 
with  pigmented  endothelial  leukocytes  in  the  walls. 

There  still  remains  one  foreign  body,  namel,y  fibrin,  which  is 
the  most  imiiortant  of  all,  and  reciuires  sejiarate  consideration. 
It  may  be  derived  from  exudations  or  from  hemorrhage.  It  is  a 
pathologic  product,  often  useful  as  in  stojiping  hemorrhage,  but 
frequently  causing  great  trouble. 
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ORGANIZATION  OF  FIBRIN 

Filirin  does  not  of  itself  attract  leukocytes  unless  it  has  under- 
gone chemical  changes.  When  it  occurs  in  lesions  into  which 
numerous  polymorphonuclear  leukocytes  are  attracted  liy  the  in- 
jurious agent,  as  in  fibrinous  pneumonia,  it  is  usuallj^  digested  at 
least  in  jiart  by  the  ferments  which  the  leukocytes  set  free.  Other- 
wise it  persists  and  leads  to  what  is  termed  organization  of  fibrin. 
This  condition  regularly  occurs  in  the  iileural  and  other  cavities 
where  the  leukocytes  can  affect  only  the  surface  of  the  fibrin. 

AMien  fibrin  occurs  in  suitalile  situations,  it  is  cpiickly  covered 
over  with  a layer  of  endothelial  cells  (thrombi  in  blood-vessels), 
or  of  epithelial  cells  (alveoli  of  lung,  tubules  of  kidney).  It  exerts, 
however,  a very  specific  attraction  for  the  fibroblast  which  pro- 
liferates and  grows  into  the  fibrin  ami  replaces  it.  In  many 
situations  the  fibroblast  is  preceded  or  acconijianied  by  vascular 
endothelium  in  the  form  of  cajiillaries  which  arise  only  from  capil- 
laries; but  in  other  situations  the  fibroblast  works  alone. 

This  reiilacenient  of  fibrin  by  connective  tissue,  vascularized 
or  not,  is  termed  organization  of  fibrin.  The  process  can  be 
studied  in  a variety  of  situations,  but  three  are  sufficient  fully  to 
illustrate  what  occurs. 

Pleural  Exudation. — The  fibrinous  exudation  on  the  surface 
of  a serous  cavity  offers  the  best  and  most  common  material  for 
the  study  of  organization  of  fibrin.  \'arious  stages  of  the  process 
are  recpiired  and  usually  can  be  obtained.  It  is  generally  most 
convenient  to  select  the  jileural  exudation  on  the  surface  of  the  lung. 

The  organization  begins  after  the  fibrin  has  existed  about  one 
week.  It  consists  of  an  outgrowth  of  capillary  lilood-vesscls 
followed  by  fibroblasts.  The  new  vessels  sprout  from  the  super- 
ficial capillaries  in  the  subpleural  tissue  and  extend  into  the  fibrin. 
They  anastomose  laterally  with  each  other  so  as  to  form  loops. 
This  enables  the  blood  which  conies  out  in  some  of  the  vessels  to 
return  through  others.  Although  the  new-formed  capillaries  are 
very  thin  walled  their  lumina  are  relatively  large. 

The  fibroblasts  of  the  subpleural  tissue  proliferate  and  invade 
the  fibrin  rather  slowly.  A few  extend  along  the  caiiillaries  and 
form  a supporting  sheath  for  them,  but  most  of  the  fibroblasts 
are  arranged  in  layers  parallel  with  the  pleural  surface  and  in  this 
way  gradually  encroach  on  the  fibrin  and  rejilace  it. 

The  fibrin  does  not  attract  leukocytes  of  any  sort.  It  gradually 
disappears  as  the  vascular  endothelium  and  the  fibroblasts  ad- 
vance. Apparently,  it  is  dissolved  and  utilized  as  nourishment 
by  these  two  varieties  of  cells,  and  this  alone  may  explain  its 
stimulating  effect  on  these  cells. 
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If  the  visceral  and  parietal  layers  of  fibrin  in  the  pleural  cavity 
ai’C  in  contact,  the  organizing  cells  may  eventually  meet  and 
combine  so  as  to  cause  obliteration  of  the  jileural  cavity.  Fat 
jiroducts  and  lime  salts  in  the  fibrin  sometimes  lead  to  the  forma- 
tion of  foreign  body  giant-cells. 

Any  mesothelial  cells  not  destroyed  multi])ly  and  cover  the 
walls  of  the  spaces  in  M'hich  they  lie;  thus,  they  may  apjjear 
eventually  as  gland-like  cavities  in  the  dense  jileural  adhesions 
or  covering  sheet  and  string  like  adhesions  due  to  the  organization 


Fig.  1(). — Heart.  Organizing  pcricarditi.s.  Fibrin  still  present  along  surface 

and  beneath  it. 


of  strands  of  filirin  originally  kept  apart  by  the  presence  of  fluid 
which  had  not  been  absorbed. 

In  time  the  collagen  fibrils  produced  by  the  fibroblasts  contract, 
the  blood-vessels  to  a large  extent  disappear,  and  the  only  reminder 
of  the  filtrin  left  is  a thin  layer  of  dense  fibrous  tissue. 

Pneumonic  Exudation. — Some  of  the  filirin  on  the  surface  of 
a pleural  exudation  is  probably  dissolved  by  the  ferments  derived 
from  the  leukocytes  attracted  by  the  infectious  agent.  In  the 
alveoli  and  bronchi  of  the  lung  in  pneumonia  this  dissolution  of 


58 


PATHOLOGIC  HISTOLOGY 


the  is  the  usual  occurrence.  The  fibrin  is  dissolved  either 

completely  or  to  such  an  extent  as  to  set  it  free  from  the  walls  of 
the  air-spaces  and  thus  permit  it  to  he  coughed  up. 

In  certain  instances,  however,  more  or  less  of  the  fibrin  remains 
attached  in  place  and  after  a certain  length  of  time  (one  to  two 
weeks)  undergoes  organization.  Its  surface  is  first  covered  over 
with  a layer  of  ei^ithelial  cells.  Then  capillary  vessels  and  fibro- 
blasts grow  out  from  the  walls  of  the  alveoli  and  the  bronchioles 
and  organize  it,  replacing  it  from  without  in.  The  organization 
starts  at  the  points  where  the  fibrin  is  attached  to  the  walls, 
especially  around  the  minute  holes  in  the  alveolar  walls,  through 
which  the  fibrin  runs  from  one  alveolus  to  the  next. 

AMienever  the  epithelium  has  been  completely  destroyed, 
organization  leads  to  obliteration  of  the  air-spaces,  and  the  trans- 
formation of  the  lung  into  solid  fibrous  tissue. 

Fibrin  is  organized  in  the  pericardial  and  peritoneal  cavities 
in  the  same  way  as  in  the  pleural  cavity.  In  the  meninges  the 
changes  are  less  easily  followed,  because  the  fibrin  is  in  the  lymph- 
spaces  of  the  pia  instead  of  being  on  a well-defined  surface,  but 
the  proce.ss  is  essentially  the  same.  In  blood-vessels,  however, 
and  on  the  valves  of  the  heart  the  process  of  organization  is  a little 
different. 

Blood-vessels:  Thrombi  and  Emboli. — In  certain  situations 
fibrin  is  organized  by  the  action  of  fibroblasts  only.  The  process 
can  be  studied  best  in  tlie  organization  of  thi’ombi  and  emboli 
within  vessels.  The  fibrin  is  usually  cpiickly  covered  over  on  the 
free  surface  by  a layer  of  endothelial  cells.  The  fibroblasts  grow 
into  the  fibrin  at  the  points  where  it  touches  the  wall.  If  the 
thrombus  is  more  or  less  spherical  they  organize  its  perijihery 
first,  and  then  gradually  extend  toward  its  center.  If  the  throm- 
bus is  irregular  in  sha])e,  the  endothelial  cells  on  the  surface 
dip  into  all  the  dejii’essions  and  slits,  and  line  them  so  that  on 
section  it  would  seem  as  if  new  blood-vessels  had  formed  in  the 
organized  thrombus,  but  there  seems  to  be  no  evidence  of  so-called 
canalization  of  a thrombus  taking  place  excejit  in  this  way,  unless 
there  has  been  an  infectious  ])roc(‘Ss  of  the  vessel  wall  as  a result 
of  which  blood-vessels  have  grown  in  from  the  advcmtitia. 

Similar  organization  of  fibrin  by  fibroblasts  alone  is  common 
on  the  inner  surface  of  the  aorta  and  leads  to  the  formation  of  the 
elevated  fibrous  plaques,  so  often  found  there.  Fibrin  on  the 
surface  of  the  lieart  valves  is  usually  organized  in  this  same  way, 
and  the  process  occurs  also  on  the  surface  of  the  liver  and  spleen. 
In  all  these  situations  it  is  due  in  part  at  least  to  the  condition  of 
the  tissue  adjoining  the  thrombus;  it  is  non-vascular  at  least  in 
the  blood-vessels  and  heart  valves  and  over  the  spleen. 
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Fibrin  seems  to  act  as  a direct  stimulus  (food?),  especially  to 
the  fibroblasts,  less  often  to  vascular  endothelium. 

Organization  of  Lime  Salts. — Lime  salts  occur  normally  in  the 
intercellular  substance  of  bone.  If  the  bone  cells  are  killed,  the 
intercellular  substance  becomes  a foreign  body.  Two  different 
things  may  happen  to  it.  It  may  be  gradually  dissolved  and 
removed  by  osteoclasts  (the  usual  process  following  osteomyelitis), 
or  osteal  cells  may  apply  themselves  to  its  surface  and  slowly 


Fig.  17. — Ccrcl)ellum.  Calcified  corpora  amjdacea  being  transformed  (organ- 
ized) l)v  fibroblasts  into  bone. 

appropriate  the  lime  salts  to  their  own  use.  In  this  way  they 
gradually  rejilace  or  organize  the  calcifietl  intercellular  substance 
left  by  necrosis  of  the  bone  cells.  They  do  this  under  sterile,  non- 
toxic contlitions,  not  when  the  bone  cells  have  been  destroyed  by 
an  infectious  process. 

This  process  of  organization  of  the  calcified  matrix  of  dead 
bone  is  made  use  of  to  some  extent  by  the  surgeon  in  the  operation 
of  transplanting  bone  in  order  to  fill  in  defects  of  bone,  or  to  furnish 
rigid  sup])ort  during  the  stage  of  repair.  The  cells  of  the  trans- 
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planted  bone  always  die,  but  the  calcifietl  matrix  serves  a useful 
purpose  by  furnishing  a framework  on  and  within  which  the  osteal 
cells  lay  down  new  bone  while  utilizing,  to  some  extent,  at  the 
same  time,  the  lime  salts  already  at  hand. 

Under  pathologic  conditions  lime  salts  are  often  deposited  in 
the  body;  for  instance,  in  necrotic  tissue,  in  hyaline  material  of 
various  sorts,  and  occasionally  in  masses  of  old  fibrin.  They 
frecpiently  exert  some  effect  on  adjoining  filiroblasts,  in  conse- 
quence of  which  these  cells  slowly  invade  and  organize  the  lime 
salts,  depositing  them  in  their  own  intercellular  substance  and  thus 
transforming  themselves  into  true  bone  cells.  As  a result  of  this 
process  true  bone  frequently  replaces,  in  part  or  entirely,  lime 
salts  deposited  in  necrotic  cells,  etc.,  as,  for  example,  in  the  walls 
of  sclerosed  arteries,  in  old  hemorrhages  in  the  eye,  and  in  various 
tumors  including  gliomas  of  the  central  nervous  system. 

REGENERATION  OF  CELLS 

Kegeneration  is  a narrow  term  applied  to  the  new  formation 
of  cells  to  replace  cells  of  the  same  type  which  have  been  destroyed. 
The  term  is  applied  also  to  the  new  formation  of  parts  of  cells. 

('ells  multiiily  or  proliferate  by  so-called  indirect  division,  a 
method  termed  mitosis  or  karyokinesis.  It  is  proliable  that  all 
progressive  new  formation  of  cells  in  the  human  l)otly  takes  place 
in  this  way.  Direct  division  of  cells,  amitosis,  is  evidence  of  a 
retrograde  change.  Budding  and  direct  division  of  nuclei  without 
division  of  the  cytoplasm  is  to  be  regarded  as  a retrograde  process, 
except  in  the  case  of  regeneration  of  parts  of  muscle-fibers  which 
have  been  destroyed. 

Multiplication  of  certain  tyjies  of  cells  is  constantly  taking 
place  in  the  body  because  many  of  these  cells  are  being  used  up 
under  normal  conditions  and  have  to  be  replaced.  A\  hen  it  takes 
place  under  normal  conditions,  it  is  called  physiologic  regeneration; 
if  it  occurs  under  abnormal  conditions,  it  is  termed  pathologic 
regeneration. 

Physiologic  regeneration  is  always  perfect;  the  organ  or  tissue 
is  ke})t  intact,  in  perfect  condition.  Pathologic  regeneration  is 
usually  much  more  extensive  and  rarely  so  com])lete.  It  succeeds 
b('st  when  the  accompanying  blood-vessels  and  connective  tissue 
are  uninjured,  as  in  central  necrosis  of  the  liver,  but  sometimes 
even  there  it  fails  completely. 

The  cells  with  slightly  differentiated  cytoplasm  regenerate 
better  than  those  in  which  it  is  highly  differentiated. 

Regeneration  of  cells  is  more  active  in  youth,  at  least  in  some 
types  of  cells,  than  in  old  age. 

The  cells  which  have  to  lie  replaced  constantly  under  normal 


INFLAMMATION 


61 


conditions  in  order  to  niiiintain  a certain  cell  equilibrium  in  the 
body  are  the  red  blood-corjniscles,  the  various  leukocytes,  the 
epithelial  cells  of  the  eiiidermis  including  those  of  the  hair  follicles, 
etc.,  the  epithelial  cells  of  the  gastro-intestinal  tract,  of  the  genital 
organs,  and  of  various  other  organs  and  tissues.  The  regeneration 
may  take  place  in  the  immediate  neighborhood  of  the  destroyed 
cells  (epithelium)  or  at  a distance  (erythroblasts,  lymphocytes). 

Other  types  of  cells,  such  as  fibrolilasts  and  neuroglia  cells,  do 
not  multiply  at  all  normally,  although  endowed  with  great  powers 
of  regeneration  which  become  evident  under  pathologic  conditions. 
Still  other  cells  like  the  ganglion  cells  have  no  powers  of  regen- 
erating new  cells  and  if  destroyed  are  never  rejilaced. 

Cells  proliferate  only  to  replace  cells  of  their  own  kind  which 
have  been  destroyed.  It  is  conimonl}^  taught  that  when  the  highly 
differentiated,  so-called  parenchymatous,  cells  of  an  organ  or 
tissue  are  destro3^ed,  blood-vessel  endothelium  and  connective- 
tissue  cells  proliferate  and  fill  up  the  space  formerl}^  occupied  by 
them.  There  is  no  evidence  for  this  teaching  and  much  to  the 
contrarjL  For  example,  in  central  necrosis  of  the  liver  lobule  onl}^ 
the  liver  cells  are  destro^'ed.  As  a rule,  comiilete  regeneration 
of  the  liver  cells  occurs  in  from  one  to  two  weeks.  If  for  anj'  reason 
it  does  not  occur,  then,  after  the  necrotic  liver  cells  have  been 
removed  b>"  the  action  of  leukoc3des,  the  blood-vessels  collapse, 
the  connective  tissue  contracts  and  thickens  up,  but  the  cells  do 
not  proliferate.  The  liver  as  a whole  is  diminished  in  size.  The 
same  condition  holds  in  the  heart  when  onl3^  the  muscle-cells  are 
destro3Tcl  as  the  result  of  the  effect  of  toxins  or  of  nutritive  dis- 
turbances. Likewise  in  the  central  nervous  S3^steni,  if  only  the 
ganglion  cells  or  their  axis  C3dinder  jirocesses  ai’e  destro3^ed,  the 
neuroglia  cells  do  not  proliferate  on  that  account.  Thc3^  multiply 
011I3'  to  replace  cells  of  their  own  kind  which  have  undergone 
necrosis,  or  because  the3^  have  been  in  some  other  wa3^  stimulated. 
Following  necrosis  of  iiarench3miatous  cells,  if  the  collagen  or 
neuroglia  filirils  included  in  the  area  are  unable  to  contract,  the 
sjiaces  left  after  absorjition  of  the  necrotic  cells  are  filled  with  fluid. 

In  all  these  situations  (liver,  heart,  central  nervous  S3^stem), 
however,  marked  jiroliferation  of  the  fibroblasts  and  neuroglia 
cells  and  to  a less  extent  the  va.scular  endothelium  takes  place  if 
the3'  them.selves  have  at  the  same  time  been  destro3^ed. 

Ifi'generation  of  cells  often  takes  jilace  in  excess  of  the  number 
of  cells  destro3Td.  Thus  3mung  blood-vessels  and  3mung  con- 
nective tissue  are  regularl3"  reproduced  greatl3'  in  excess  of  actual 
requirements.  AIan3"  of  the  new-formed  cells  later  disajipear, 
leaving  011I3'  enough  to  care  for  tlie  fibrils  which  have  been  jiro- 
iluced.  It  also  occurs,  for  example,  in  extreme  cases  of  central 
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necrosis  of  the  liver  (acute  yellow  atrophy)  where  all  the  liver  cells 
in  many  lobules  are  destroyed.  Under  these  conditions  excessive 
regeneration  takes  place  from  the  liver  cells  remaining  in  other 
lobules  so  as  to  reform  as  much  liver  tissue  as  possible.  As  a 
result,  while  new  lobules  are  not  formed,  the  lobules  in  the  regen- 
erated areas  are  often  much  larger  than  normal.  This  excessive 
regeneration  is  particularly  likely  to  occur  in  children,  but  it  may 
also  occur  in  adults,  for  instance,  in  the  liver  in  alcoholic  cirrhosis; 
some  of  the  collections  of  regenerated  liver  cells  may  resemble 
adenomas. 

Regeneration  of  cells  on  a large  scale  is  best  seen,  perhaps,  in 
the  liver  following  extensive  central  necrosis,  and  in  the  kidney 
after  marked  tubular  nephritis.  In  Ijoth  these  instances  practically 
only  epithelium  is  destroyed;  blood-vessels  and  connective  tissue 
remain  intact.  On  the  other  hand,  proliferation  of  fibroblasts  and 
of  vascular  endothelium  is  found  abundantly  where  they  themselves 
have  been  destroyed,  as  in  the  granulation  tissue  of  wounds, 
aliscesses,  etc. 

The  ]iower  of  regeneration  possessed  by  the  different  types  of 
cells  will  be  referred  to  briefly. 

Epithelium. — The  regenerative  ability  of  epithelial  cells  is  well 
marked  and  in  some  situations,  such  as  the  epidermis  and  the 
gastro-intestinal  tract,  is  in  constant  evidence  under  normal  con- 
ditions as  shown  by  the  presence  of  numerous  mitotic  figures. 
It  is  most  frecpiently  studied  experimentally  in  lesions  of  the  cornea 
where  the  extent  and  duration  of  the  lesion  can  lie  perfectly  con- 
trolled. Ulcers  of  the  skin  following  burns  or  other  destructive 
agencies  afford  excellent  opportunities  to  study  the  rate  at  which 
the  epidermis  can  grow  in  and  cover  over  a denuded  surface. 
Typhoid  and  tuberculous  ulcers  of  the  intestine  sometimes  offer 
good  examples  of  the  effort  of  the  lining  ejiithelium  to  rejilace  the 
epithelial  cells  which  have  lieen  destroyed,  or  as  it  is  often  stated, 
to  cover  over  a bare  surface. 

Regeneration  of  epithelial  cells  in  two  organs  is  descrilied  in 
illustration  of  tlie  process. 

Liver. — Liver  cells  possess  great  powers  of  regeneration. 
Following  extensive  necrosis  of  the  liver  cells  in  the  centers  of 
every  lobule  complete  regeneration  will  take  place  in  from  one  to 
two  weeks.  The  same  condition  can  be  shown  experimentally  in 
animals  by  administering  chloroform  and  causing  central  necrosis 
of  the  liver. 

Liver  cells  regenerate  entirely  from  liver  cells;  not  from  bile- 
duct  epithelium.  If  all  the  liver  cells  in  a lobule  are  destroyed,  that 
lobule  will  not  be  reformed.  The  bile-duct  epithelium  will  multiply 
to  some  extent  and  elongate  the  ducts  but  will  not  form  liver  cells. 
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Mitotic  figures  in  hepatic  cells  are  occasionally  found  in  normal- 
looking  livers;  they  probably  indicate  that  there  has  been  some 
destruction  of  liver  cells.  In  one  a])parently  normal  liver  they 
were  very  numerous.  The  same  condition  was  in  one  instance 
found  in  the  adrenal  glands  following  diphtheria. 

In  central  necrosis  of  the  liver  the  blood-vessel  endothelium 
and  the  connective-tissue  cells  are  unaffected;  hence  they  do  not 
multiply,  even  if  for  any  reason  the  liver  cells  fail  to  regenerate. 
But  following  infection  extending  along  the  bile  ducts,  where  the 
connective-tissue  cells  are  often  destroyed  as  well  as  the  liver  cells, 
the  fibroblasts  multiply  actively  and  much  fibrous  tissue  is  formetl. 

In  the  extensive  lesions  of  this  type  known  clinically  as  acute 
yellow  atrophy  the  liver  may  diminish  to  one-half  or  even  one- 
third  its  original  size;  yet  if  necrosis  has  not  been  complete  and 
if  liver  cells  remain  in  each  lobule,  more  or  less  complete  regenera- 
tion may  occur. 


Fig.  18. — Repair.  Mitosis  of  fibroblast  in  wall  of  chronically  inflamed 

oviduct. 


Kidney. — Regeneration  of  renal  epithelium  is  very  active 
following  necrosis  of  the  cells  lining  the  tubules.  Mitotic  figures 
may  be  quite  numerous.  The  cells  at  first  are  undifferentiated; 
they  are  low  in  type  and  stretch  along  the  walls.  The  c3doiilasm, 
like  that  of  most  young  cells,  tends  to  be  basophilic.  Later,  these 
cells  become  fully  differentiated  renal  epithelium.  These  re- 
generative changes  occur  most  commonly  in  the  convoluted 
tubules.  No  new  tubules  are  ever  formed;  the  pre-existing  ones 
are  simply  relined. 

In  certain  infectious  ]irocesses  in  the  kidney  necrosis  of  all 
the  tissue  cells  and  abscess  formation  occur.  As  a result,  marked 
jiroliferation  of  fibrolilasts  takes  place  and  much  sclerosis  may 
result. 
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Fibroblasts;  Connective-tissue  Cells. — The  ability  of  filiro- 
l)lasts  to  regenerate  is  marked.  Mitotic*  figures  are  often  numerous; 
fihrogiia  and  collagen  fibrils  are  actively  produced  and  in  certain 
situations  elastic  fibrils. 

Fibroblasts  regenerate  only  when  fibroblasts  have  lieen  de- 
stroyed, never  to  take  the  place  of  parenchymatous  (the  inoi'e 
highly  differentiated  tissue)  cells  which  have  disaiipeared.  Usually 
the  cells  appear  to  be  regenerated  in  excess  of  actual  needs  be- 
cause many  of  them  later  disappear. 

Endothelial  Cells;  Vascular  Endothelium. — New  blood-vessels 
ari.se  as  capillaries  and  take  their  origin  from  capillaries  by  pro- 
liferation of  the  lining  endothelial  cells.  The  cells  multi]il}^  by 
mitosis  and  send  out  at  first  cytoplasmic  jirocesses. 

The  cells  continue  to  multiply  and  grow  out  in  the  same 
direction,  forming  narrow  columns  of  cells.  The  columns  of  cells 
tend  to  unite  laterally  so  as  to  form  loops.  The  cells  in  the  columns 
and  loops  soon  arrange  themselves  so  as  to  inclose  a lumen  which 
extends  out  from  the  original  cajiillary  and  brings  l)lood  to  noui'ish 
the  young  cells.  Later,  many  of  these  newly  formed  capillaries 
disajipear.  Others  persist,  and  may  develo])  into  larger  vessels, 
but  never  into  well-formed  arteries  and  veins. 

Chondroblasts ; Cartilage  Cells.— Cartilage  cells  apparently 
have  no  power  of  regeneration,  because,  like  the  red  blood-cor- 
puscle and  the  polymorphonuclear  leukocyte,  they  are  an  (aid- 
product  of  cell  activity  and  are  incajiable  of  mitosis.  The  same 
holds  true  for  bone  cells. 

Cartilage  cells  are  newly  formed  from  chondroblasts  which 
are  fibroblasts  endowed  with  the  property  of  secreting  chondro- 
mucin.  This  accounts  for  the  freciuent  presence  of  collagen  and 
elastic  fibrils  in  cartilage.  Cartilage  is  always  surrounded  with  a 
layer  of  these  cells,  known  as  the  pi'richondrium. 

Bone  ; Osteoblasts ; Bone  Cells. — UikUt  iKjrmal  conditions 
and  even  in  the  fetus,  bone  is  being  constantly  torn  down  and  built 
up.  The  ground  sulistance  is  dissolved  by  osteoclasts  and  re- 
formed by  osteoldasts  or  by  osteal  fibroblasts.  The  osteoclast  is 
a foreign  body  giant-cell,  formed  by  fusion  of  endothelial  leu- 
kocytes. The  osteoblast  is  a modified  osteal  fibroblast  and 
represents  an  intermediate  stage  lietween  the  fibrolilast  of  the 
peri-  and  endosteum  and  the  bone  cell.  This  osteal  fibroblast  is 
endowed  with  the  property  of  secreting  osseomucin  in  addition 
to  collagen  and  elastic  fibrils.  Osseomucin  is  a homogeneous 
ground  substance  which  binds  the  collagen  and  elastic  fibrils 
together  and  has  the  ])ro))erty  of  attracting  lime  salts.  This 
homogeneous  matrix  in  which  the  lime  salts  are  to  be  deposited 
is  known  as  osteoid  material. 
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The  osteal  fibroblast  also  has  inherent  in  it  the  property  of 
producing  chondroniucin,  and  thus  of  becoming  transformed  into 
a cartilage  cell,  as  sometimes  occurs  in  the  healing  of  fractures  of 
bones. 

lione  cells  are  an  end-protluct,  and  have  lost  the  power  of  pro- 
liferation so  that  they  play  no  jiart  in  the  regeneration  of  bone, 
which  has  to  take  place  entirely  from  the  osteal  fibroblasts.  These 
cells  form  a thin  layer  around  all  bone  and  are  known  collectively 
from  their  situation  as  the  periosteum  and  endosteum. 

The  collagen  and  elastic  fibrils  in  bone  can  be  demonstrated 
by  special  staining  methods.  Under  ordinary  conditions  they 
are  masked  by  the  homogeneous  ground  substance,  osseomucin. 

Neuroglia  Cells. — The}^  are  capable  of  active  regeneration. 
In  many  wa}"S  they  resemble  fibroblasts.  Under  certain  conditions 
regeneration  is  active  and  mitotic  figures  numerous.  The  new- 
formed  cells  are  usually  large  and  have  much  cytoplasm.  They 
produce  neuroglia  fibrils  in  abundance.  Later,  many  of  the  cells 
may  atrophy,  but  the  fibrils  persist. 

Neuroglia  cells  regenerate  onlj^  Avhen  neuroglia  cells  have  been 
injured  and  destroyed,  never  simply  because  ganglion  cells  have 
atrophied  and  disappeared. 

Smooth  Muscle-cells. — The}^  show  little  or  no  power  of 
regeneration.  In  repair  of  smooth  muscle  no  new  smooth  muscle- 
cells  are  formed.  The  connective-tissue  cells  injured  at  the  same 
time  proliferate  and  form  scar  tissue  which  fills  in  the  space  left 
by  the  necrotic  muscle-cells. 

On  the  other  hand,  smooth  muscle-cells  are  cajiable  of  marked 
hypertrophy,  as  shown  in  the  pregnant  uterus  and  in  the  thickenetl 
wall  of  the  hypertroiihied  urinary  bladder. 

Blood-corpuscles. — Extensive  hemorrhage  may  lead  to  great 
loss  of  all  the  cellular  elements  of  the  blood.  Infectious  processes 
of  different  sorts  often  cause  large  increase  in  the  numbers  of 
certain  leukocytes  in  the  circulation,  of  i)olymorifiionuclcar 
leukocytes  in  suppurations,  of  eosino]ihiles  in  trichiniasis,  of 
lymphocjdes  in  whooi^ing-cough,  and  to  a less  extent  of  endothelial 
leukocytes  in  typhoitl  fever.  ]\Iany  of  these  leukocytes  emigrate 
into  the  tissues  and  are  there  destro3^ed.  The  normal  cell  equi- 
librium in  the  lilood  must  be  maintained  by  the  formation  of  new 
cells. 

Regeneration  of  the  poljunorphonuclear  leukocjde,  of  the 
eosinoiihile  and  of  the  ma.stcell  takes  iilace  in  the  bone  marrow 
from  the  three  t^^jii's  of  m3^eloc,ytes  jiresent  there;  namel3^  the 
neutro])hilic,  acidojihilic,  and  the  basojihilic  m3^1ocytes. 

The  red  blood-corpuscles  are  formed  1)3'  the  er3'throblasts, 
and  the  proper  proiiortion  of  blood  jilatelets  in  the  circulation  is 
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iiiaiiitaiiied  by  the  cytoplasmic  disintegration  of  the  megakaryo- 
cytes. 

The  endothelial  leukocytes  in  the  blood  are  regenerated  chiefly 
from  the  endothelial  cells  lining  the  blood-vessels,  possibly  also  to 
some  extent  from  those  lining  lymph- vessels. 

The  lymphocytes  are  produced  in  lymphoid  tissue  everywhere, 
but  chiefly  in  the  lymph-nodules  of  the  lymph-nodes,  the  spleen, 
and  the  gastro-intestinal  tract. 

Often,  owing  to  the  activity  of  regeneration  of  the  various 
leukocytes,  the  red  bone  marrow  spreads  throughout  the  shafts 
of  the  long  bones  from  which  it  is  usually  more  or  less  completely 
absent  in  adult  life.  In  like  manner,  when  the  production  of 
lymphocytes  is  unusually  active  the  lymphoid  tissue,  and  especially 
the  lynii)h-nodes,  may  increase  considerably  in  size  owing  to  the 
cellular  hyperplasia. 

Under  certain  conditions  regeneration  of  some  of  the  elements 
of  the  blood  may  occur  in  the  circulation. 

REGENERATION  OF  PARTS  OF  CELLS 

Probably  most  cells  are  able  to  reliuild  parts  of  their  cytoplasm 
which  have  been  destroyed  or  mechanically  removed.  In  only 
two  types  of  cells  (nerve-  and  muscle-cells)  is  this  form  of  regenera- 
tion of  sufficient  significance  to  deserve  attention  here.  The  new 
formation  of  the  axis  cylinder  ]>rocesses  of  nerve-cells  is  of  the 
greatest  imiiortance  clinically,  while  the  regeneration  of  parts  of 
muscle-fibers  is  of  much  less  value,  although  histologically  inter- 
esting. 

Nerve-cells. — Nerve-cells  do  not  regenerate.  If  they  undergo 
necrosis,  they  are  not  replaced.  If,  however,  the  axis  cylinder 
process  of  a nerve-cell  is  destroyed,  the  cell  is  able  in  time  to  re- 
produce or  regenerate  it. 

The  process  of  nerve  regeneration  is  best  studied  experimentally 
in  animals.  The  general  results  obtained  by  this  method  of  study 
are  borne  out  by  the  clinical  results  obtained  in  man. 

The  results  obtained  experimentally  may  be  summarized 
briefly  as  follows: 

If  a jiorous  foreign  body  is  inserted  into  an  incision  in  the  brain 
thus  injuring  nerve  tissue,  both  axis  cylinder  processes  and  neu- 
roglia cells  will  grow  into  the  cavity. 

If  peripheral  nerves  are  sectioned,  all  of  the  peripheral  ]>art 
of  every  axis  cylinder  beyond  tlie  ])oint  of  section  degenerates 
quickly.  On  the  iiroximal  side  of  the  cut  each  axis  cylinder 
degenerates  back  at  least  to  the  first  node  of  Ranvier,  and  some- 
times as  far  as  to  the  sixth. 

Union  of  the  cut  ends  of  a nerve  by  means  of  suturing  will 
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not,  therefore,  restore  function  l)y  bringing  about  direct  and 
iinniediate  union  of  the  severed  ends  of  the  axis  cylinder  processes. 
It  only  aids  the  slow  process  of  regeneration  by  furnishing  a 
favorable  and  direct  path  for  the  outgrowing  nerves. 

Following  section  of  a nerve  each  axis  cylinder  process  gradually 
regenerates  by  growing  out  from  the  proximal  end  and  making 
connections,  by  means  of  new  nerve  terminations,  with  the  cells  it 
formerly  supplied. 


a b d 

Fig.  19. — Regeneration  of  skeletal  muscle-fibers.  Multijilication  of 
muscle  nuclei  by  direct  division;  formation  of  new  cytophism;  migration  of 
nuclei  into  it.  a and  b,  longitudinal  sections;  c and  d,  cross-sections. 

Following  amputation  of  an  extremity  the  cut  nerves  usually 
degenerate  slowly  back  to  their  nerve-cells  which  degenerate  and 
atrophy.  Sometimes,  however,  following  amputation  the  nerves, 
instead  of  degenerating  at  once,  attempt  to  regenerate  the  part 
tlestroyed.  As  their  extension  is  interfered  with  l)y  the  amjmta- 
tion  scar  they  form  a nodular  mass  of  interlacing  nerves  which  is 
usually  (but  incorrectly)  called  by  the  surgeon  an  amputation 
neuroma. 

Muscle-fibers. — The  .striated  .skeletal  muscle-fibers  are  not 
simple  mononucleated  cells,  but  spindle-shaped  syncytial  masses 
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20. Repair.  Ref>;enorat  ion  of  skeletal  musele-fiher.  New  cytoplasm 

fonniiig  around  part  of  fiber  not  destroyed.  AI. 


Fig  21.— Repair.  Regeneration  of  skeletal  inusclc-fihers  following  injury  due 

to  acute  infection.  M. 
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of  highly  differentiated  cytoplasm  containing  numerous  nuclei 
usually  situated  peripherally  beneath  the  sarcolemma. 

\\’hen  the  whole  of  a muscle-fiber  is  killed,  it  is  not  regenerated. 
When,  however,  only  a part  of  one  of  these  fillers  is  destroyed, 
active  regeneration  of  the  part  which  has  undergone  necrosis  takes 
place  from  the  part  which  remains  uninjured.  The  intact  nuclei 
undergo  rapid  direct  division,  and  each  forms  several  to  a dozen 
separate  nuclei.  The  division  of  the  nuclei  may  take  place  at  the 


FiK.  22. — Necrosis  of  skeletal  muscle-fibers,  a,  Necrotic  muscle-fiber 
invaded  by  ])olymorphomiclear  leukocytes;  h,  necrotic  muscle-fiber  surrounded 
by  endothelial  leukocytes;  c,  necrotic  muscle-fil)er  entirely  removed  by  aettion 
of  eiulothelial  leukocytes,  one  of  which  is  in  mitosis;  d,  portion  of  necrotic 
muscle-fiber  beinp;  removed  by  endothelial  leukocytes,  one  of  which  is  in 
mitosis.  Some  proliferation  of  remaining  muscle-nuclei  by  direct  division. 

periphery  of  the  cell  or  in  the  center  of  its  long  axis.  The  new 
nuclei  migrate  to  the  periphery  and  to  the  destroyed  end  of  the 
nuLscle-fiber.  They  are  surrounded  by  young  cytoplasm,  which 
extends  forward  in  the  form  of  blunt  processes,  each  of  which 
contains  a nucleus.  In  time,  these  cytoplasmic  ])rocesses  develop 
striations  and  fuse  together  to  form  a regenerated  muscle-fiber. 
They  do  not  separate  from  the  old  filler  to  form  new  ones. 

The  proce.ss  of  regeneration  of  muscle-fibers  is  coinjilicated 
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and  made  confusing  by  the  presence  of  numerous  leukocytes 
attracted  by  the  injurious  agent  and  by  the  injured  tissue.  Some- 
times the  necrotic  muscle  is  removed  through  the  action  of  poly- 
morphonuclear leukocytes  which  usually  invade  the  fibers;  they 
are  readily  recognized,  but  at  other  times  only  endothelial  leu- 
kocytes are  present.  They  attack  necrotic  muscle  substance 
from  the  perijihery  and  gradually  dissolve  it,  working  slowlj^  from 
without  inward.  INIitoses  in  these  endothelial  leukocytes  are  not 
infrequent.  Occasionally,  multiple  mitoses  occur  from  which 
multinucleated  cells  result.  More  often  some  of  the  endothelial 
leukocytes  fuse  to  form  foreign  l)ody  giant-cells.  Sometimes  the 
two  processes  of  regeneration  and  of  removal  of  the  necrotic 
muscle-tissue  of  the  same  muscle-fiber  overlap  and  render  the 
picture  difficult  to  interpret.  Each  process  must  first  be  studied 
separately. 


HEALING  OF  ORGAN  AND  TISSUE  INJURIES 

So  far  we  have  considered  under  repair  the  removal  of  foreign 
bodies  of  all  sorts,  the  organization  of  fibrin,  and  the  power  of 
regeneration  inherent  in  various  kinds  of  cells.  It  is  necessary 
now  to  make  use  of  the  knowledge  thus  obtained  and  ap]ily  it  to 
the  study  of  what  takes  place  when  definite  masses  of  tissue  have 
been  injured  and  destroyed.  In  this  way  we  can  see  how  lesions 
are  finally  repaired  by  healing  of  the  defects  in  the  tissues.  It  is 
customary  and  easiest  to  begin  with  simiile  traumatic  lesions,  and 
to  take  up  afterward  those  which  are  more  complex. 

Healing  of  Wounds. — The  repair  of  wounds  may  l)e  simple  or 
complex,  according  to  the  number  and  variety  of  the  cells  injured 
or  destroyed,  the  quantity  of  l)lood  poured  out,  and  the  alisence 
or  presence  of  bacteria  or  other  complicating  injurious  agents. 
It  is  customary  to  study  wounds  chiefly  in  sections  ]irepared  from 
experimental  lesions  iiroduced  in  animals,  although  similar  lesions 
can  usually  be  obtained  from  man.  The  simplest  incised  wounds 
are  produced  in  the  cornea  which,  in  consequence,  is  much  em- 
ployed for  this  purpose.  Next  in  instructive  value,  jierhaps,  are 
incised  wounds  of  the  abdominal  wall  and  of  the  intestine. 

Clinically,  the  healing  of  wounds  is  of  great  importance, 
because  on  its  quick  and  successful  issue  depends  much  of  the 
value  of  surgery  as  a therapeutic  measure. 

Primary  Healing  (Healing  by  First  Intention). — The  term 
primary  healing  or  healing  by  first  intention  is  apjdied  to  the 
repair  of  simple  incised  wounds.  The  conditions  for  re])air  are 
usually  mo.st  favorable.  The  injury  is  conqmratively  slight; 
there  are  few  necrotic  cells  and  little  intercellular  sub.stance  to  be 
removed;  hemorrhage  is  reduced  to  a minimum  l>y  ligature  of 
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vessels;  the  cut  surfaces  are  brought  into  tlie  closest  apposition 
by  sutures  and  pressure;  bacterial  infection  is  prevented  so  far 
as  possible  by  cleanliness  or  by  antiseptics. 

Following  an  incision  (accidental  or  surgical)  more  or  less 
serous  and  cellular  exudation  takes  place;  its  functions  are  to 
counteract  any  injurious  agents  present  including  any  antiseptic 
used;  anti  to  dissolve  and  remove  all  necrotic  cells  and  fibrils  and 
also  any  red  blood-corpuscles  which  may  be  present  owing  to 
hemorrhage.  At  the  same  time  proliferation  begins  in  those 
types  of  cells  which  are  capable  of  it  to  replace  the  cells  which 
have  been  destroyed  anti  thereby  to  bintl  together  again  the 
tissue  walls  separated  by  the  incision.  In  incised  wountls  jirac- 
tically  only  three  types  of  cells  are  of  importance — filiroblasts, 
vascular  endothelium,  anti  epithelium.  The  fibroblasts  anti  the 
vascular  entlothelium  produce  the  connective  tissue  anti  blootl- 
vessels  to  bintl  all  wountls  together.  In  certain  non-vascular 
situations  as  in  the  cornea  the  fibroblast  alone  is  sufficient. 
Surface  epithelium  quickly  covers  over  any  break  in  its  continuity. 

Any  fibrin  which  is  not  digested  and  removed  by  the  action 
of  the  leukocytes  present  is  organized  by  fibroblasts.  Ligatures 
and  sutures,  if  not  removed  mechanically  by  the  surgeon,  are 
tlissolved  or  encapsulatetl  according  to  their  nature.  The  same 
thing  happens  to  other  foreign  bodies  accidentally  present,  such 
as  hairs  or  cotton  fibers. 

Secondary  Healing  (Healing  by  Granulation  Tissue). — Sec- 
ondary healing  or  healing  by  granulation  tissue  is  the  term  aiijilied 
to  the  repair  of  wounds  where  there  is  more  or  less  loss  of  tissue, 
which  has  to  lie  filled  in  by  new  formation  of  cells  or  where  surfaces 
are  kept  apart  by  fluid  or  lilood  or  by  fibrin  which  has  to  be 
organized.  Healing  takes  place  by  in-oliferation  of  fibroblasts 
and  of  vascular  endothelium  on  a more  or  less  extensive  scale 
according  to  the  extent  of  the  injury.  The  young  richly  vascular- 
ized connective  tissue  formed  in  this  way  is  called  granulation 
tissue.  Later,  it  contracts  and  jiersists  indefinitely  as  scar  tissue. 
At  the  same  time  that  the  granulation  tissue  is  forming,  the  epi- 
thelium on  any  injuretl  epithelial  surface  is  rapidly  proliferating 
to  cover  in  the  denuded  surface. 

Nature  is  able  in  time  to  fill  in  very  extensive  superficial 
lesions,  such  as  ulcerations  following  burns  of  the  skin  or  gaping 
wounds,  where  from  the  nature  of  the  injury  or  operation  the  sur- 
faces cannot  be  approximated. 

Healing  takes  place  through  the  action  of  these  two  types  of 
cells  simply  because  following  tissue  necrosis  they  are  the  only 
cells  in  most  situations,  outside  of  surface  cjiithelium,  which 
proliferate  to  replace  cells  of  their  own  kind  which  have  been 
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destroyed.  In  addition  they  jiossess  the  property  of  being  able 
to  organize  fibrin.  They  seem,  therefore,  to  take  upon  themselves 
the  whole  process  of  tissue  rejiair,  outside  of  the  central  nervous 
system,  and  in  effect  they  do. 

The  difference  between  primary  and  secondary  healing  is 
essentially  quantitative. 

In  primary  healing  the  injuiy  is  slight  and  but  few  cells  are 
destroyed.  There  is  little  in  the  way  of  foreign  material  of  any 
sort  to  be  removed.  The  amount  of  regeneration  required  of  the 
tissue  cells  in  order  to  effect  union  of  the  separated  surfaces  is 
reduced  to  a minimum.  The  cells  which  regenerate  are  the 
fibroblast  and  the  vascular  endothelium.  In  addition  the  epi- 
thelium of  any  involved  epithelial  surface,  gland,  or  tubule  pro- 
liferates to  cover  over  any  break  in  the  surface  where  it  belongs. 

In  secondary  healing  we  have  the  other  extreme.  The  injury 
is  often  excessive.  Aluch  foreign  material  has  to  be  removed  and 
freciuently  much  fibrin  organized.  In  addition  fibroljlasts  and 
vascular  endothelium  must  jiroliferate  abundantly  and  often  for 
a long  period  of  time  to  replace  the  cells  of  their  own  type  which 
have  been  destroyed.  The  result  is  the  formation  of  much  granu- 
lation tissue.  The  same  excessive  proliferation  may  be  required 
of  eiiithelium  covering  a surface,  as,  for  example,  of  the  epidermis. 

The  terms  ]winiary  and  secondary  healing  are  applied  to  the 
two  extremes  of  the  process  of  healing  tissue  injuries.  They  are 
essentially  one  and  the  same  process  and  all  gradations  between 
the  two  extremes  occur. 

Bacterial  infection  of  a wound  renders  re]iair  very  much  more 
complicated,  so  that  even  the  simplest  incised  wounds  can  heal 
only  by  granulation  tissue. 

Granulation  Tissue. — The  term  granulation  tissue  is  clinical 
in  origin,  but  very  useful  pathologically.  It  is  aiiplied  to  the  young 
tissue  compo.sed  of  fibroblasts  and  vascular  endothelium  which 
are  proliferating  to  replace  destroyed  bloorl-vessels  and  connective 
tissue,  or  which  are  growing  into  fibrin  to  organize  it.  The  clinician 
employs  the  term  for  the  red  granular  appearance  ])resented  by 
the  healing  ulcers  and  wounds  as  seen  especially  on  the  surface  of 
the  body.  The  pathologist  applies  the  term  to  young  vascularized 
connective  tissue  wherever  found. 

As  just  stated,  the  basis  of  granulation  tissue  is  fibroblasts  and 
vascular  endothelium.  Nothing  else  is  essential;  Init,  as  a matter 
of  fact,  granulation  tissue  is  practically  always  comiilicated  by 
the  presence  of  some  of  the  elements  of  inflammatory  exudation, 
owing  to  the  action  of  foreign  bodies  such  as  necrotic  cells,  red 
blood-corpuscles,  and  fat,  and  of  injurious  agents  such  as  bacteria, 
antiseptic  dres.sings,  air,  etc.  As  a result  of  these  various  in- 
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Alienees  an  acute  serous  or  purulent  exudation  may  continue  to 
pass  through  the  newly  formed  tissue  from  the  vessels  to  the  surface; 
endothelial  leukocytes  may  collect  in  large  numbers  owing  to  the 
presence  of  fat  or  other  foreign  substances,  while  lymphocytes 
in  small  or  large  numbers  may  iiiAltrate  the  superAcial  and  es- 
pecially the  deeper  layers  to  counteract  certain  injurious  substances 
which  are  being  absorbed.  Eosinophiles  are  usually  present  in 
small  numbers  but  may  lie  numerous.  As  the  result  of  diapedesis 
granulation  tissue  often  contains  many  reil  blood-corpuscles. 


tig.  23. — Granulation  ti.ssuc.  a,  Surface  portion,  composed  chiefly  of 
newly  formed  blood- vessets;  very  few  filirobhxsts;  many  polymorphonuclear 
leukocytes  between  the  vessels  and  in  the  fibrin  on  the  surface;  blood-vesseb 
and  leukocytes  sepai-ated  by  serum.  6,  Deeper  portion;  many  lymphocyte!- 
between  blood-vessels;  young  fibroblasts  growing  in  horizontal  aiTangement 
at  ba.se. 


Granulation  tissue  is  likely  to  be  more  abundant  ivhere  there 
is  plenty  of  Abrin  than  elsewhere  because  Abrin  directly  stimulates 
its  groivth.  The  lack  of  cicatricial  contractions  following  typhoid 
fever  and  tulierculous  ulcers  of  the  intestine  and  of  iierforating 
ulcers  of  the  stomach  is  probably  due  to  the  absence  of  Abrin, 
which  if  formed  cpnckly  undergoes  maceration  and  disappears. 

Abundant  Abrin  on  a surface  or  between  opposing  edges 
favors  the  formation  of  granulation  tissue.  On  this  account  a 
sodium  citrate  dressing  is  .sometimes  used  clinically  to  prevent 
Abrin  formation. 
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Lesions  of  all  sorts  involving  destruction  of  tissue  (necroses, 
infarctions,  abscesses,  tliffuse  suppurations,  etc.)  tend  to  heal 
after  the  manner  of  wounds.  The  underlying  jirinciples  are  the 
same.  The  cells  which  have  undergone  necrosis,  together  with 
their  intercellular  products,  are  gradually  dissolved  by  the  digestive 
action  of  the  leukocytes  and  discharged  on  a free  surface  or  ab- 
sorbed. Fat,  lime  salts  and  certain  other  substances  are  removed 
largely  through  the  agency  of  endothelial  leukocytes.  Fibrin 
when  not  dissolved  becomes  organized  by  fibroblasts  with  or  with- 
out the  help  of  vascular  endothelium. 


.,,  y ! .*  • V, 
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Fig.  24. — Granulation  tis.suc.  a,  Marked  infiltration  with  lymphocytes;  b, 
infiltration  with  endothelial  leukocytes. 


At  the  same  time  regeneration  of  the  necrotic  cells  takes  place 
from  adjoining  cells  of  the  same  type,  provided  they  are  cajiable 
of  it.  Some  are  capable  of  it  under  certain  conditions  but  not 
under  others.  Thus,  when  a single  kind  of  parenchymatous  cell, 
such  as  the  liver  cell,  is  destroyed  even  over  consideral)le  areas 
without  injury  to  the  intervening  vascular  and  connective-tissue 
cells,  the  liver  cells  may  be  completely  restored  by  regeneration. 
Pmt  when  definite  masses  of  liver  tissue  are  completely  destroyed, 
the  liver  cells  do  not  regenerate,  excejit  possibly  in  small  areas  at 
the  edge  of  the  necrosis  where  the  above  favorable  conditions 
hold.  Under  these  latter  conditions,  however,  the  fibroblasts 
and  the  vascular  endothelium  proliferate  and  form  granulation 
tissue  which  later  contracts  to  scar  tissue.  These  same  con- 
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ditions  hold  good  in  the  kidiiej^,  and  jiroliably  in  the  other  ejM- 
thelial  organs.  In  the  heart  the  muscle-cells  do  not  regenerate 
under  any  conditions. 

Scar  Tissue. — As  granulation  tissue  ages  the  collagen  fibrils 
increase  in  amount  up  to  a certain  degree.  Then,  many  of  the 
blood-vessels  and  of  the  fibroblasts  disappear.  The  connective 
tissue  thus  formed  gradually  becomes  denser.  In  this  final  stage 
it  is  called  scar  tissue.  Scar  tissue  may  also  result  from  the  pro- 
liferation of  fibroblasts  onl}L  The  term  is  applied  in  addition  to 
the  dense  fibrous  tissue  which  results  from  the  contraction  of  the 
connective-tissue  stroma  of  an  organ  in  definite  foci  folloAving 
necrosis  and  disa])i)earance  of  the  parenchymatous  cells.  Some 
of  the  areas  of  fibrous  tissue  in  the  heart  arise  in  this  way. 

The  term  scar  is  usually  apjdied  to  a surface  appearance, 
either  of  the  skin  or  of  an  organ  produced  by  the  formation  of 
scar  tissue  with  resulting  contraction  and  usually  depression  below 
the  surrounding  surface. 

Diffuse  formation  of  scar  tissue  is  variously  named.  Sclerosis 
or  fibrosis  of  an  organ  is  a good  term  to  use  when  the  pathologic 
process  which  causetl  the  lesion  is  healed.  Chronic  nephritis  and 
chronic  hepatitis  are  proper  terms  only  when  a chronic  process 
is  present  and  persisting;  otherwise  we  should  speak  of  a sclerosed 
kidney  or  liver.  The  correct  use  of  these  terms  would  save  much 
of  the  misunderstanding  which  often  arises  between  clinician  and 
pathologist. 

REPAIR  OF  BONE 

Introduction. — The  re]:>air  of  bone  is  analogous  to  rejiair  of 
connective  tissue,  but  differs  from  it  in  several  very  important 
Iioints. 

1.  Any  necrotic  bone  present  is  much  more  difficult  to  dissolve 
and  remove  than  the  necrotic  cells  and  fibrils  of  other  tissues,  and 
hence  ]iersists  often  for  a long  time  in  the  lesion  and  acts  as  an 
obnoxious  foreign  body,  interfering  with  repair  so  long  as  it  is 
not  removed  naturally  or  mechanically.  It  is  dissolved  very 
slowly  through  the  action  of  endothelial  leukocytes  which  for  the 
most  part  are  fused  into  foreign  body  giant-cells,  ordinarily  called 
osteoclasts  on  account  of  the  function  which  they  ])erforni. 

2.  The  fibroblasts  available  for  jiroducing  the  osteoid  material 
in  which  the  lime  salts  are  to  be  de])osited  are  limited  to  the  cells 
covering  bone,  namely,  to  the  periosteum  and  endosteum.  The 
bone  cells  themselves  are  end-products  and  cannot  produce  otlier 
bone  cells.  Hence,  the  new  cells  required  to  seal  together  the 
ends  of  a fractured  bone  have  to  grow  into  the  fracture  from  without. 

3.  The  new  bone  is  laid  down  not  in  a solid  mass  but  in  narrow 
connecting  trabeculae  with  richly  vascularized  connective  ti.ssue 
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between  them.  It  is  usually  formed  much  in  excess  of  eventual 
needs  and  occupies  much  more  space  than  the  original  bone  which 
it  is  to  replace.  Later  the  trabeculjB  fuse  more  or  less  completely 
together,  and  in  time  those  parts  not  required  are  removed  by 
the  erosive  action  of  the  osteoclasts.  The  new  formed  bone,  whose 
functions  are  to  unite  the  ends  of  the  fracture  and  to  hold  the  shaft 
rigid  during  repair,  forms  a kind  of  tumor  mass,  especially  around 
the  long  bones,  and  is  called  a callus,  which  is  sometimes  distin- 
guished as  outer  and  inner  callus  according  to  its  relation  to  the  bone. 

Simple  Fracture. — A simple  fracture  of  a bone  with  the  ends 
held  in  proper  apposition  affords  an  example  of  bone  repair  which 
is  easy  to  follow.  In  experimental  lesions  produced  in  animals 
the  same  result  is  reached  by  sawing  or  drilling  into  bones,  instead 
of  fracturing  them,  in  order  to  maintain  rigidity  of  bone  during 
repair. 

Ordinarily,  the  injury  produced  is  slight;  necrosis  of  a com- 
paratively few  bone  cells  adjoining  the  fracture  and  of  a small 
number  of  bone  marrow  cells,  possibly  of  a few  muscle-cells 
outside  of  tlie  bone.  A little  hemorrhage  always  occurs. 

Following  the  injury  a certain  amount  of  exudation  takes 
place  but  it  is  usually  slight.  The  necrotic  cells  and  fibrils  and 
the  red  blood-corpuscles  are  readily  dissolved  and  alisorbed. 
Any  free  fat  is  taken  up  by  endothelial  leukocytes.  All  bone  not 
under  the  control  of  living  bone  cells  is  dissolved  slowly  by  osteo- 
clasts. Experimental  lesions  produced  by  sawing  and  drilling 
are  usually  complicated  by  much  bone  dust  which  attracts  endo- 
thelial leukocytes.  Many  of  these  leukocytes  fuse  to  form  foreign 
body  giant-cells  (osteoclasts).  While  these  various  processes  are 
going  on  the  fibroblasts  of  the  periosteum  and  endosteum  are 
actively  proliferating  and  extending  toward  each  other  in  between 
the  ends  of  the  fracture,  where  they  soon  meet  and  unite.  At  the 
same  time  they  are  ]iiling  up  for  a certain  distance  aliove  and  below 
the  fracture  on  the  outside  and  inside  of  the  shaft.  In  this  young 
and  highly  vascular  connective  tissue  trabeculae  of  osteoid  material 
are  soon  formed  extending  out  chiefly  at  right  angles  to  the  old 
bone.  In  time  the  osteoid  trabeculae  thicken  and  fuse  more  or 
less  intimately  together  and  lime  salts  are  deposited  in  them. 
The  new  bone  formed  between  the  ends  of  the  fracture  unites  to 
the  old  bone  and  gradually  seals  the  ends  together.  After  com- 
plete soliflification  has  taken  place  osteoclasts  begin  to  dissolve 
those  parts  of  the  callus  no  longer  required,  and  eventually  the 
tract  lin'd  and  healed  bone  approaches  more  and  more  to  its  original 
size  and  shape. 

The  principle  of  repair  of  a comminuted  fracture  is  the  same  as 
that  of  a simple  fracture,  and  nature  goes  about  it  in  the  same  way. 
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The  danger  of  extensive  necrosis  of  bone  is  greater.  The  amount 
of  callus  formed  is  usually  more. 

Complications. — Certain  conii)lications  of  fractures  must  be 
mentioned.  Hemorrhage  may  sometimes  be  abundant,  but  is 
taken  care  of  in  the  same  way  as  in  other  tissues. 

Occasionally,  a great  deal  of  fat  is  set  free  from  the  fat-cells 
in  the  bone  marrow.  If  it  happens  to  escape  through  a ruiiture 
into  a vein,  it  may  be  carried  all  over  the  body,  causing  fat  em- 
bolism from  which  death  occasionally  results. 

Necrosis  of  bone  may  be  extensive.  This  interferes  greatly 
with  repair  because  it  is  so  difficult  to  dissolve.  It  forms  a se- 
questrum, and  unless  removed  mechanically  becomes  encapsulated 
by  granulation,  later  scar  tissue,  and  persists  indefinitely. 

When  the  fragments  are  widely  disjilaced  so  that  the  alignment 
is  poor,  much  more  callus  formation  is  required  than  in  a simple 
fracture. 

If  fibrous  or  muscle-tissue  is  forced  in  lietween  the  ends  of  the 
fractured  l)one,  it  may  prevent  the  ingi'owth  of  the  osteal  fibro- 
blasts capable  of  producing  lione  so  that  bony  union  cannot  take 
place. 

Compound  Fracture. — A compound  fracture  is  one  in  which 
the  injury  is  opened  to  infection  owing  to  the  perforation  of  an 
overlying  surface  such  as  the  epidermis,  the  intestine,  an  infected 
pleural  cavity,  etc.  If  it  occurs,  then  the  simple  rejiarative  process 
of  the  fracture  is  complicated  with  an  acute  infection.  This 
almost  invariably  leads  to  more  or  less  extensive  necrosis  of  bone, 
which  remains  as  a sequestrum  after  the  infection  is  ended.  Re- 
pair then  has  to  attend  to  the  damage  done  by  the  acute  septic 
process,  to  the  necrotic  bone  left  behind,  and  to  the  original 
fracture. 

Necrosis. — Necrosis  of  lione  may  occur  from  a variety  of 
causes,  such  as  direct  injury,  fracture,  or  infection.  Repair  is  not 
easy  and  simple  owing  to  the  nec’otic  bone.  It  is  dissolved  with 
the  greatest  difficulty,  as  the  action  of  the  osteoclasts  is  exceed- 
ingly slow  and  ineffective.  In  time,  however,  the  necrotic  bone  is 
separated  from  the  living  bone  through  their  action  and  forms 
what  is  known  as  a sequestrum.  Osteoclasts  continue  to  work 
at  it.  It  becomes  surrounded  or  encapsulated  by  the  granulation 
tissue  of  the  general  reparative  process.  Later,  this  contracts 
to  scar  tissue. 

Perfect  repair  of  lione  is  not  possible  so  long  as  a sequestrum 
persists.  It  may  be  dissolved  in  time  or  it  may  be  removed 
surgically. 

As  a result  of  necrosis  of  bone  a certain  amount  of  callus  is 
always  formed  to  strengthen  the  weakened  bone.  When  this 
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callus  forms  from  the  periosteum,  the  resulting  thickening  of  the 
bone  is  sometimes  mistaken  for  a tumor,  especially  when  there 
has  been  no  history  of  previous  fracture,  mjury  or  infection. 

In  infections  involving  bone  the  whole  shaft  may  be  destroyed 
and  form  the  sequestrum.  The  periosteum  always  attempts  to 
rebuild  the  bone  destroyed.  As  a result,  extensive  callus  may  be 
formed.  Treatment  requires  o]ierative  removal  of  the  sequestrum. 
Then  the  periosteum  if  left  liehind  uninjured,  can  readily  reform 
the  shaft. 

REPAIR  OF  CARTILAGE 

Injuries  to  cartilage  are  not  nearly  so  frequent  or  important 
as  to  bone.  They  may  be  due  to  incisions,  lacerations,  or  fractures 
(epiphyseal  ends  of  bones). 

Healing  takes  place  as  in  other  tissues  through  the  formation 
of  granulation  tissue.  In  addition,  however,  the  perichondrial 
cells  proliferate  like  the  osteal  cells  to  produce  new  cartilage. 
Sometimes,  however,  they  produce  only  connective  tissue. 

It  is  claimed  by  some  that  in  repair  of  fractures  through  the 
epiphyseal  cartilage  the  cartilage  cells  themselves  undergo  mitosis 
and  form  new  cartilage,  but  the  claim  is  open  to  doubt. 

REPAIR  OF  MUSCLE 

Repair  of  an  incised  wound  of  muscle  takes  place  entirely  by 
granulation  and  scar  tissue  formed  from  the  fibroblasts  and 
vascular  endothelium  adjoining  the  incision. 

Injured  muscle-cells  undergo  certain  changes  which  are  partly 
retrograde,  partly  regenerative  of  the  cells  injured,  but  no  new 
separate  muscle-fibers  are  formed. 

The  same  statement  is  true  in  regard  to  other  injuries  to  muscles 
due  to  infection  or  tumors;  injured  muscle-cells  may  regenerate 
the  parts  which  have  been  destroyed,  l)ut  no  new  muscle- 
fibers  are  formed  to  replace  those  which  have  been  conqiletely 
destroyed. 

HEALING  OF  TISSUE  DEFECTS  IN  THE  CENTRAL  NERVOUS  SYSTEM 

Neuroglia  Cells.  In  the  central  nervous  system  there  is  an 
additional  cellular  element  besides  the  fibroblast  and  the  vascular 
endothelium  which  enters  into  all  processes  of  repair,  namely, 
the  neuroglia  cell.  It  regenerates  as  actively  as  the  fibroblast, 
and  in  many  lesions  plays  a more  active  jiart.  When  a mass  of 
tissue  is  destroyed,  all  three  types  of  cells  may  regenerate.  It 
is  noticeable,  however,  that  while  fibrin  stimulates  the  fibroblast 
it  produces  little  effect  on  the  neuroglia  cell.  It  is  probal)ly  on 
this  account  that  the  capsule  of  a solitary  tubercle  is  always  com- 
posed of  connective  tissue. 


RETROGRADE  PROCESSES 
And  the  Substances  Associated  with  Them 

Introduction. — Every  cell  is  a minute  chemical  manufactory. 
According  to  its  inherited  nature  it  converts  the  nutrition  received 
from  the  circulation  into  various  products,  some  for  its  own  use 
in  building  itself  into  a fully  differentiated  cell  of  its  own  type  and 
for  purposes  of  multiplication;  some  into  protlucts  which  surround 
the  cell  as  an  intercellular  substance,  or  which  jiass  into  the  cir- 
culation to  perform  functions  elsewhere.  The  grosser  structural 
products  within  and  without  the  cell  we  can  recognize  under  the 
microscope;  others  we  are  made  aware  of  only  through  functional 
performances  and  by  means  of  chemical  reactions. 

\'arious  injurious  influences,  such  as  toxins  of  many  sorts,  in- 
crease or  lack  of  internal  secretions  which  affect  cells  in  other 
organs,  and  lack  of  nutrition,  lead  to  interference  with  normal  cell 
activity.  They  maj^  stimulate  or  depress  its  activity  or  entirely 
alter  its  nature.  If  the  toxins  are  strong  or  if  nutrition  is  com- 
pletely cut  off,  necrosis  may  occur.  As  a result  of  these  injurious 
influences  there  occur  a great  variety  of  changes,  chemical  at  basis, 
of  which  many  can  be  recognized  functionally  and  morphologic- 
ally; only  the  moi’phologic  changes  concern  us  hei’e. 

Certain  substances  already  in  the  cells  in  one  form  or  another 
may  be  increased  in  visible  number  or  in  amount,  such  as  al- 
buminous granules,  fluid,  fat,  glycogen,  mucus.  New  substances 
may  l)o  formed  within  or  without  the  cell,  such  as  hyalin  of  many 
sorts,  of  which  some,  like  am3doid  and  mucin,  are  characterized 
by  more  or  less  definite  chemical  reactions. 

We  speak  of  the  changes  which  take  place  as  retrograde  proc- 
esses due  to  disturbances  of  metabolism,  but  we  are  really  con- 
cerned chiefl^^  with  the  morphologic  evidences  of  the  changes, 
namelj',  with  normal  substances  (serum,  fat)  accumulated  in 
excess,  or  new  substances  (am^doid,  hyalin)  formed  as  the  result 
of  the  abnormal  processes.  By  observing  and  stud^dng  the  accu- 
mulation and  production  of  these  various  substances  we  attempt 
to  understand  the  retrograde  i:>rocesses  which  gave  rise  to  them. 

Some  of  these  various  normal  and  abnormal  substances  are 
more  or  less  closely  related  chemically  or  in  origin  (hemoglobin, 
hematoidin,  bilirubin,  hemosiderin,  malarial  pigment);  others 
often  follow  in  a certain  secpience  or  are  associated  together  ac- 
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cording  to  the  degree  of  injury  inflicted  on  the  cells  (hydrops, 
all)uminous  granules,  fat-droplets,  necrosis,  lime  salts).  Some 
of  the  substances  included  under  this  heading  are  definitely  char- 
acterized (fat,  cholesterin,  gl}^cogen,  mucin,  amyloid),  others  are 
very  indefinite  (albuminous  granules,  hyalin,  colloid),  so  that  one 
name  may  cover  a variety  of  iiathologic  products  (hyalin). 

Some  of  the  substances  (albuminous  granules,  fat)  are  entirely 
or  chiefly  intracellular,  others  (biurate  of  sodium  crystals)  are 
extracellular;  some  are  associated  with  living  cells  (albuminous 
granules,  glycogen),  others  with  dead  cells  (lime  salts,  cholesterin 
crystals);  some  of  the  substances  are  of  much  importance 
(amyloid,  biurate  of  sodium  crystals),  others  are  of  little  signifi- 
cance (albuminous  granules). 

POSTMORTEM  CHANGES 

The  changes  which  occur  in  cells  and  intercellular  substances 
postmortem  are  often  marked.  On  tliis  account  it  is  important 
to  know  and  to  be  able  to  recognize  them  so  as  not  to  mistake 
them  for  vital  processes. 

Tissues  removed  during  life  and  fixed  at  once  are  always  the 
best  for  study.  Postmortem  tissues  fixed  within  one  to  two  hours 
after  death  are  fairly  trustworthy,  but  after  about  that  interval 
of  time  they  slowly  l)ut  steadily  deteriorate.  Tissues  thoroughly 
chilled  but  not  frozen  may  be  preserved  in  fairly  good  condition 
for  several  days,  but  are  far  from  ideal. 

The  degree  of  temperature  at  the  time  of  death  has  an  im- 
portant bearing  on  ]iostniortem  material.  If  it  is  high  (40°  to 
41°  C.),  as  frequently  happens  in  typhoid  fever,  lobar  pneumonia 
and  septicemias,  for  example,  the  high  temperature  will  i)ersist 
for  some  time  and  the  postmortem  changes  are  more  rapid  and 
marked  than  when  the  temperature  is  normal  or  l)elow.  For  a 
similar  reason  tissues  change  inore  rapidly  in  hot  weather  than 
in  cold. 

Two  other  factors  are  of  imj:)OT’tance.  If  edema  is  present, 
or  if  the  tissues  are  placed  in  contact  witli  water,  the  cells  and 
intercellular  substances  tend  to  iinlnbe  fluid  and  swell  and  undergo 
other  changes  in  conse(]uence.  If  bacteria  of  any  sort  obtain 
entrance  to  the  tissues  after  death  or  shortly  before  it,  they  are 
likely  to  multiidy  and  ferments  set  free  by  them  often  produce 
noticeable  alterations. 

Postmortem  changes  t(>nd  to  take  ])lace  more  quickly  in  some 
organs  than  in  others  owing  to  their  (‘Xj)osure  to  ])utref active 
organisms  (intestine)  or  to  injurious  chemical  substances  (the 
stomacli  and  its  secretion,  liydrochloric  acid,  tlie  pancreas  and  its 
ferments). 
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The  changes  which  take  i)lace  postmortem  in  cells  and  tissues 
are  best  studied  l>y  killing  a normal  animal,  removing  the  heart, 
kidney  and  liver  aseptically,  and  placing  them  in  a covered  dish 
in  a thermostat  at  37°  C.  Sections  of  the  organs  may  be  removed 
and  studied  or  fixed  at  various  intervals  of  time.  Similar  changes 
may  be  studied  in  human  organs  by  noting  the  number  of  hours, 
postmortem,  the  tissues  were  placed  in  fixatives. 

^^dthin  twenty-four  hours  or  less  many  of  the  nuclei  have 
shrunken  a little  and  the  chromatin  has  diffused  through  them 
so  that  they  stain  deeply  and  homogeneously.  A later  change 
is  disappearance  of  the  chromatin  so  that  the  nuclei  do  not  stain 


Fig.  2.5.— Prostate.  Postmortem  changes;  flesquamation  of  epithelial  cells 
m the  glands;  hyaline  changes  m smooth  muscle-cells.  M. 


at  all.  In  human  kidneys  the  nuclei  of  the  convoluted  tubules 
ose  their  ability  to  stain  much  sooner  than  those  in  the  collecting 
tubules.  The  condition  is  often  mistaken  for  necrosis  during  life. 

In  the  liver  of  animals  cytolysis  usually  occurs  postmortem 
owing  to  the  rapid  growth  of  a bacterium  which  is  a more  or  less 
normal  inhabitant  of  that  organ. 

Myoglia,  fibroglia  and  neuroglia  fibrils  lose  rather  quickly 
postmortein,  their  peculiar  chemical  or  physical  iiroperties  on 
which  a differential  stain  of  them  depends.  Collagen  and  elastic 
fibrils  preserve  their  characteristic  staining  properties  much  longer. 
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Smooth  muscle-cells  frequently  swell  uj)  in  the  center,  present- 
ing a lumpy  hyaline  a])pearance,  and  stain  deejily  with  eosin.  This 
is  a common  ])ostniorteni  change  and  is  usually  most  prominent 
in  the  ]irostate. 

The  hemoglobin  dissolves  out  of  red  blood-corpuscles  quickly 
postmortem,  especially  if  the  tissues  are  edematous.  It  con- 
tinues to  dissolve  out  for  some  time  even  after  the  tissues  have 
been  placed  in  fixatives.  On  this  account  it  is  difficult  to  fix  red 
blood-corpuscles  in  the  spleen  or  liver  except  at  the  surface  of  the 
tissues,  unless  the  sections  are  very  thin  (one  to  three  mm.). 
For  this  reason  it  is  possible  to  judge  faithful  tissue-fixation  by  the 
state  of  preservation  of  the  red  blood-corjiuscles.  Hemoglobin 
in  solution  is  precipitated  l)y  formaldehyd  in  the  form  of  black 
granules. 

Certain  other  postmortem  changes  deserve  mention. 

In  the  liver  the  liver  cells  frequently  separate  from  each  other. 

Not  infrequently  the  endothelium  strips  off  the  walls  of  the 
blood-vessels  and  the  renal  epithelium  slides  down  within  tubules 
and  doubles  upon  itself,  so  that  the  condition  has  been  mistaken 
for  adenoma-formation.  The  heart  muscle-fibers  may  separate 
at  the  intercalated  discs  (segmentation).  In  perfectly  fresh 
tissues  these  things  do  not  occur. 

Cardiac  muscle-fibers  are  l)rittle  and  easily  fractured  even  l)y 
the  microtome  knife,  espi'cially  after  postmortem  changes  have 
set  in.  The  resulting  condition  of  fragmentation  is  an  artefact 
and,  of  course,  of  no  pathologic  significance. 

The  epithelial  lining  is  very  commonly  found  desquamated 
in  the  gall-bladder  within  a few  hours  postmortem.  It  macerati's 
off  in  the  urinary  liladder  and  desciuamates  loosi'ly  in  the  glands 
of  the  jirostate  so  that  the  cells  lie  free  of  one  another. 

Postmortem  changes  are  very  common  in  the  jiancreas.  The 
condition  is  likely  to  occur  in  foci  which  spread  until  they  coalesce. 
The  nuclei  loose  their  ability  to  stain  and  the  cells  usually  shrink 
so  tliat  an  increase  of  interglandular  tissue  is  often  suggested. 

The  epithelium  lining  the  gastro-intestinal  tract  undergoes 
rapid  changes:  the  nuclei  along  the  surface  lose  the  power  to 
stain  and  the  cells  may  desciuamate. 

ATROPHY 

Atrophy  of  an  organ  or  tissue,  unlike  atrojihy  of  a cell,  may  be 
due  to  diminution  in  the  size  or  the  number  of  the  cells  conqiosing 
it  or  to  both  causes.  All  three  possibilities  must  be  borne  in  mind. 
Atrophy  of  organs  and  tissues,  and  to  some  extent  of  cells,  may  be 
caused  by  normal  physiologic  changes,  by  lack  of  nourishment 
or  of  use,  by  trophic  disturl)ances,  or  by  toxic  influences. 
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Physiologic  atrophy  is  the  term  applied  to  tlie  diminution 
in  size  which  occurs  in  certain  organs  normally  as  the  result  of 
development  and  senescence.  The  th3unus  atrophies  before 
puberty  owing  to  disappearance  of  many  of  its  cells,  and  the 
ovary  by  the  time  the  climacteric  is  reached  because  the  follicles 
have  been  used  up.  In  old  age,  on  the  other  hand,  and  in  ema- 
ciation the  atrophy  seen  in  various  organs  and  ti.ssues  is  due  to 
diminution  in  the  size  of  the  cells.  In  emaciation  the  fat  and 


Fig.  2().— Fat-cells  developing  in  human  fet  us.  Three  different  stages  shown. 


muscle  tissues  are  those  most  affected,  the  central  nervous  S3^stem 
the  least;  even  the  heart  nia3^  diminished  to  half  its  normal 
weight. 

Pressure  atrophy  ma3"  lead  to  disappearance  of  cells,  as  seen 
in  the  effect  produced  in  bone  by  tumors  and  aneur3'sms;  or  to 
atrophy  of  cells,  such  as  occurs  in  amyloid  formation  in  the  liver. 

Atrophy  of  organs  ma3^  be  caused  by  toxins  owing  to  destruction 
of  cells.  The  best  example  is  seen  in  the  liver  in  acute  yellow 
atrophy  due  to  necrosis  and  disaj)]X'arance  of  most  of  the  liver  cells. 
The  organ  inay  be  reduced  to  one-half  or  even  to  one-third  of  its 
normal  weight. 

Atrophy  from  lack  of  use  and  from  trophic  disturbances  is 
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best  shown  by  the  changes  whicli  take  })lace  in  muscle  and  bone, 
chiefly  as  the  result  of  atrophy  and  disappearance  of  cells. 

The  cells  of  certain  organs  become  increasingly  ]:>igmented 
with  age.  The  heart  and  liver  afford  the  best  examjiles.  In 
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Fi”;.  27. — Atrophyinfj;  fat-oolls. 


atro))hy  due  to  old  age  the  amount  of  pigment  in  the  cells  is  rela- 
tively increased  owing  to  diminution  in  the  size  of  the  cells.  To 
this  condition  the  term  bromi  atrojihy  is  commonly  applied, 
although  the  pigmentation  has  nothing  to  do  with  causing  the 
atro])hy. 

Atrophy  of  Fat-Cells. — The  fat-cell  is  a iierfectly  definite  type 
of  cell  formed  by  differiaitiation  from  a mesenchymal  cell.  It  is 
not  a fibroblast,  does  not  arise  from  one  and  when  it  undergoes 

atrophy  does  not  turn  into 
one.  It  is  characterized 
by  the  pro])erty  of  taking 
u])  and  storing  fat  and  l)y 
not  jiroducing  any  inter- 
cellular substance. 

Fat-cells  arise  in 
sharply  defined  islands  in 
various  parts  of  the  l)ody. 
Tliey  ap]iear  at  first  as 
star-  and  spindle-shaped 
mesenchymal  cells  with 
fiiK'ly  granular  cytoplasm. 
Each  gTouji  of  cells  is 
clustered  around  the  end  of  a comparatively  large  sipijilying  blood- 
vessel which  sends  numerous  capillaries  in  lietween  the  cells. 

As  fat  is  deposited  in  these  cells  it  ajipi'ars  at  first  as  small 
droplets  which  soon  fuse  together.  As  the  fat  continues  to 


Fig.  28. — Atropliiod  fat-celLs. 
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accumulate  the  cytoplasmic  processes  retract  and  the  cell  gradually 
assumes  a spheiical  shape.  Alter  a time  the  fat  fuses  into  one  or 
moie  laige  drops  so  that  the  nucleus  is  pushed  to  the  perij)hery  of 
the  cell  and  becomes 
flattened.  The  cyto- 
plasm is  thinned  to  the 
merest  layer  around  the 
fat  anti  apparently  loses 
its  granulations. 

AMien  fat  tissue  atro- 
phies from  inanition 
either  in  infancy  or  in 
old  age,  the  fat-cells  un- 
dergo much  the  same 
changes  in  reverse  order 
until  they  become 
roundetl  or  polygonal 
cells  with  dense,  finely 
granular  cytoplasm  and 
look  somewhat  like  en- 
larged endothelial  leuko- 
cytes or  like  some  form 
of  epithelial  cell.  Sometimes  the  cells  are  relatively  quite  large, 
especially  in  emaciated  infants,  and  resemlde  liver  cells.  Fat- 


ing. 29.  rat-(!ells  of  the  emliryonic 
from  an  emaciated  infant. 
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cells  m this  condition,  if  their  character  is  not  recognized,  may 
suggest  some  form  of  new-growth. 

Oidinaiily,  fat-cells  do  not  remain  in  the  tlefinite  islands  where 
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they  first  arise,  Init  multiplj’'  and  spread  into  the  surrounding 
tissues,  especially  along  the  blootl-vessels.  Thus,  in  fat  jieople 
they  inultijily  in  great  numbers  and  may  invade  such  organs  as 
the  pancreas  and  the  heart.  In  emaciation  as  the  fat  is  absorbed 
most  of  these  cells  disajipear  entirely.  They  may  even  disajipear 
largely  from  the  fat  islands.  As  they  disappear  the  fibroblasts 
often  take  on  the  appearance  of  mucous  connective-tissue  cells, 
due  to  the  presence  a])parently,  of  mucin  between  the  collagen 
filirils,  so  that  the  ejiicardial  tissue,  for  example,  may  resemble 
in  texture  and  translucency  the  umbilical  cord. 

ALBUMINOUS  GRANULES 

Many  normal  cells  contain  in  their  cyto])lasm,  in  addition  to 
the  rnicrosomes,  fine  to  coarse  granules.  Those  which  optically 
disappear  on  the  addition  of  acetic  acid  l)ut  are  not  affected  liy 
chloroform  or  ether  are  regarded  as  albuminous  in  nature.  To  the 
aj^parent  or  real  increase  of  these  granules  in  the  ])arenchyniatous 
cells  of  three  organs,  the  kidney,  liver  and  heart  and  to  a less  extent 
111  .striated  muscle,  much  attention  has  been  directed  in  the  past, 
entirel}"  out  of  pro])ortion  to  the  slight  significance  of  the  condition. 

As  already  stated  under  iiostmortem  changes  these  granules 
should  be  studied  in  the  fresh  state,  not  after  fixation,  and  as  soon 
after  death  as  pos.sible.  The  results  obtained  in  the  fresh  state 
may  be  compared  with  wiiat  is  found  in  similar  cells  after  fixation, 
but  it  miLst  be  remembered  that  most  of  the  best  fixatives  ]ire- 
cipitate  soluble  albumin  in  the  form  of  granules,  that  the  acetic 
acid  test  cannot  lie  a]i])lied  to  the  fixed  granules  and  that  many 
fixatives,  as,  for  exani})le,  ZiTiker’s  fluid,  contain  acetic  acid  so 
that  the  albuminous  granules  have  already  been  acted  on  by  it. 

(in  the  other  hand,  we  may  compare  sections  of  similar  organs, 
both  normal  and  abnormal,  fixed  under  similar  conditions  and 
draw^  fairly  reliable  conclusions  in  regard  to  the  number  and  size 
of  the  granules  present,  although  it  is  jirobably  not  justifiable  to 
regard  them  all  as  albuminous  in  nature.  Their  coin]iosition  is, 
perhaps,  as  varied  as  the  granules  in  leukocytes,  but  we  lack  at 
jiresent  reliable  methods  for  demonstrating  them. 

Increase  in  the  number  of  albuminous  granules  is  supposed  to 
be  due  either  to  substances  in  the  cytoplasm  becoming  visible  as 
granules,  or  to  substances,  taken  in  from  without,  being  de]iosited 
as  granules.  Such  an  increase  is  held  to  indicate  a lowering  of  the 
functional  activity  of  the  cell,  but  the  disturbance  is  not  severe 
and  recovery  from  the  condition  may  easily  occur. 

\'ariation  and  e.s])ecially  increase  in  the  number  of  albuminous 
granules  in  the  cytoi)lasm  of  cells  is  not  ea.sy  to  demonstrate  in  a 
satisfactory  manner.  It  lacks  definiteness.  W hile  it  may  exist 
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there  seems  to  he  no  reliable  way  of  proving  it.  The  grannies 
cannot  be  counted;  they  are  too  numerous  and  too  minute. 
Consequently,  they  can  be  compared  numerically  only  in  a relative 
way  and  such  a method  is  not  very  reliable.  Moreover,  increase 
or  diminution  in  the  number  of  granules  is  relative  for  each  variety 
of  cell,  even  in  the  same  organ.  Comi)are  for  instance  in  the 
normal  kidney  the  number  of  granules  in  the  cells  lining  the  con- 
voluted tubules  with  tho.se  in  the  cells  of  the  collecting  tubules. 

It  must  be  borne  in  mind  that  the  cytoplasm  of  the  cells  lining 
the  convoluted  tubules  of  the  kidney  are  normally  very  granular. 
The  same  condition  holds  in  a less  degree  for  the  liver  cells.  On 
the  other  hand,  the  striated  muscle-fibers  of  the  heart  contain 
only  a few  coarse  granules  adjoining  the  ends  of  the  nuclei.  They 
do  not  occur  elsewhere  in  the  cjdoplasm  between  the  striations. 

The  albuminous  granules  i)rcscnt  in  the  cj-toplasm  of  cells  are 
studied  in  the  fresh  state  by  mounting  scrapings  from  the  cut 
surface  of  the  organ  to  be  examined  in  normal  salt  solution.  The 
granules  when  very  numerous  ma}^  obscure  the  nucleus,  but 
postmortem  changes  may  cause  the  nucleus  to  appear  faint.  The 
addition  of  dilute  acetic  acid  to  the  preparation  will  cause  the 
optical  disappearance  of  the  albuminous  granules,  thus  distinguish- 
ing them  from  fat-droplets,  and  at  the  same  time  will  render  the 
nuclei  prominent.  In  fixed  tissues  the  granules  in  the  cytoi)lasm 
of  cells  are  readily  stained  by  eosin,  acid  fuchsin  or  ]ihosi:)hotung- 
stic  acid  hematoxylin. 

In  necrotic  cells  the  albuminous  granules  usually  disappear 
quickly  so  that  the  cytoi)lasm  presents  a uniform  hyaline  appear- 
ance. 

Increase  in  size  and  number  of  albuminous  granules  may  occur 
focally  at  the  advancing  edge  of  acute  lesions,such  as  liver  necroses 
and  abscesses.  In  these  situations  the  number  and  size  of  the 
granules  can  be  directly  conqiarcd  with  those  in  the  adjoining 
normal  cells  so  that  the  differences  noted  have  some  value. 

A few  observations  made  in  regard  to  cyto}dasmic  granules 
may  be  of  interest. 

In  stained  sections  of  heart  muscle,  fixed  within  one  to  two 
hours  po.stmortem  from  cases  of  typhoid  fever,  lobar  ])neumonia 
and  septicemia,  no  granules  could  be  found.  The  various  elements 
in  the  longitudinal  striations  were  perfectly  preserved  and  stained. 

The  number  of  gi’anules  in  the  cells  lining  the  convoluted 
tubules  in  the  kidney  is  very  high  normally;  to  detect  an  actual 
increase  is  not  easy.  On  the  other  hand,  the  cells  in  the  collecting 
tubules  contain  few  granules  and  no  marked  increase  occurs  under 
any  circumstances. 

Sometimes  the  granules  in  groups  of  renal  cells  are  increased 
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both  in  number  and  in  size  and  stain  deeply  with  acid  dyes.  As 
they  continue  to  enlarp;e  they  become  definitely  hyaline  (colloid), 
and  usually  stain  lightly  or  not  at  all.  This  change  may  not  be 
associated  with  any  acute  infectious  process;  for  example,  it 
often  takes  place  in  connection  with  amyloid  formation  in  the 
kidney. 

Sometimes  the  albuminous  granules  may  lie  more  or  less  com- 
pletely alisent  from  liver  cells.  Rarely,  this  absence  may  occur  in 
foci  up  to  one  or  more  millimeters  in  diameter  and  be  scattered 
throughout  the  organ.  Such  foci  appear  pale  and  are  readily 
visible  in  the  fresh  condition  and  after  hardening.  The  reason 
for  the  lack  of  granules  is  not  evident,  but  may  be  due  to  some  form 
of  coagulation.  The  liver  pictured  in  Fig.  47  came  from  a patient 
killed  suddenly  by  being  knocked  down  by  an  automobile. 

Cloudy  Swelling. — Cloudy  swelling  is  a term  applied  by  Virchow 
to  the  appearance  iiresented  postmortem  by  the  liver,  kidneys  and 
heart  in  certain  acute  infectious  processes,  such  as  typhoid  fever 
and  lobar  pneumonia.  It  is  supposed  to  be  due  to  increase  in  the 
number  of  the  albuminous  granules.  The  cut  surface  of  the 
organs  appears  less  translucent  than  normally;  it  is  cloudy  as  if 
it  had  been  dipped  into  boiling  water.  Often  the  organs  are 
somewhat  increased  in  size  (an  eighth  to  a quarter).  It  was  on 
account  of  these  two  characteristics  that  the  term  cloudy  swelling 
was  applied.  Sometimes  the  term  all)uminous  degeneration  is 
used.  The  increase  in  the  size  of  the  organs,  when  iiresent,  is 
probably  due  largely  or  entirely  to  increase  of  fluid.  Whether 
the  clouiliness  is  due  to  an  antemortem  increase  in  the  number  of 
albuminous  granules  or  to  ])ostmortem  changes  in  the  cells  as  the 
result  of  higli  temperature  is  a moot  cpiestion. 

Cloudy  swelling  is  a condition  always  readily  recognized  with 
great  certainty,  both  in  the  fresh  state  and  microsco]iically  in 
fixed  tissues  liy  the  beginner  even  in  such  an  organ  as  the  spleen, 
although  amyloid  and  other  important  pathologic  products  may 
be  as  readily  overlooked.  To  demonstrate  to  the  student’s 
satisfaction  that  he  may  be  in  error  is  not  easy.  It  is  the  one 
lesion  that  most  of  them  feel  sure  aliout,  and  the  instructor  often 
honestly  doubtful  or  exceedingly  sceptical. 

FAT 

Introduction. — Fat  is  iiresent  normally  in  visible  form  in  certain 
tissues  and  organs  (fat  tissue,  adrenal  glands,  sebaceous  glands). 
It  may  be  stored  up  in  excess  of  normal  needs  in  fat  tissue  and  in 
the  liver.  It  may  make  its  appearance  in  all  kinds  of  cells  as  a 
result  of  injury  done  them.  On  this  account  its  jiresence  in  many 
kinds  of  cells,  such  as  heart  and  skeletal  muscle-fibers  and  renal 
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epithelium,  furnishes  most  relial)le  evidence  that  the  cells  are 
injured,  in  some  way  or  other,  and  that  their  functional  activity 
is  impaired.  On  this  account  the  study  of  its  normal  distribution 
and  of  its  appearance  and  significance  under  pathologic  conditions 
is  im])ortant. 

Composition. — Fat  as  it  exists  in  the  human  body  is  not  a 
simple  substance.  It  consists  for  the  most  part  of  neutral  fats, 
the  triglycerids  of  oleic,  palmitic  and  stearic  acids.  In  addition 
it  contains  small  amounts  of  soaps.  j\Iore  complicated  fatty 
combinations,  such  as  lecithin,  myelin  and  cholesterin,  occur  in 
certain  locations,  either  alone  or  in  connection  with  fat. 

Characteristics.— Ordinary  fat  when  in  droplets  is  recognized 
microscopically  by  its  refractiveness;  by  its  solubility  in  alcohol, 
ether  and  chloroform,  and  its  insolubility  in  acids  and  alkalis;  by 
the  property,  possessed  in  highest  degree  by  oleic  fat,  of  reducing 
osmium  peroxid  to  metallic  osmium  whereby  it  is  stained  black; 
and  by  the  characteristic  common  to  all  three  forms  of  fat  of 
dissolving  certain  anilin  dyes  such  as  Scharlach  R.,  in  consequence 
of  which  they  may  be  readily  stained  red  and  rendered  prominent. 
These  tests  must  be  made  on  tissue  which  is  fresh  or  fixed  in  for- 
nialdehyd.  After  they  have  been  made,  the  osmium  preparations 
may  be  preserved  permanently  in  I)alsam,  the  Scharlach  E.  pre- 
parations in  glycerin  jelly.  In  sections  of  tissues  fixed  in  other 
ways  and  carried  through  alcohol  the  fat  is  dissolved  out  so  that 
only  vacuoles  remain. 

Fat  also  exists  in  cells  either  so  finely  divided  or  in  so  close 
chemical  coml)ination  that  it  cannot  be  demonstrated  micro- 
scopically exce])t  by  special  technic.  It  has  been  found  that 
dried  cells  may  contain  as  much  as  20  per  cent,  of  so-called  in- 
visible fat. 

Labile  and  Stabile  Fat. — In  starvation  fat  stored  iq:)  in  fat- 
cells  and,  under  certain  conditions  to  be  mentioned  later,  in  the 
liver,  is  readily  used  up  and  tlisappears.  On  this  account  it  is 
called  lal)ile  fat.  Under  similar  circumstances  the  invisible  fat 
persists  in  the  tissues;  hence  it  is  termed  stabile  fat. 

Normal  Distribution. — Msible  fat  occurs  plentifully  under 
normal  conditions  in  the  fat-cells  of  fat  tissue  all  over  the  body, 
in  the  cortical  cells  of  the  adrenal  glands  and  to  a less  degree  in 
the  epithelial  cells  of  the  sebaceous  glands. 

Increase  of  Fat  Deposit. — Fat  tissue  is  sometimes  increased 
much  beyond  normal  limits.  The  terms  adipositas  and  lipomatosis 
are  applied  to  the  condition  which  may  be  general  or  local. 
As  examples  of  the  latter  may  be  mentioned:  (a)  A marked  in- 
crease in  the  fat  capsule  of  the  kidney,  (b)  An  increase  of  fat 
tissue  around  the  heart  and  often  an  ingrowth  extending  in 
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between  the  muscle-fibers  as  far  as  the  endocardium,  so  that  the 
function  of  the  heart  muscle  is  interfered  with,  (c)  An  ingroYdh 
of  fat  tissue  between  anti  into  the  lobules  of  the  pancreas. 

The  cause  of  such  great  increase  of  fat  tissue  seems  to  be  chiefly 
excess  of  nutrition,  but  in  some  instances  impaired  metaliolism 
combined  with  diminished  oxidation  may  play  a part. 

Sometimes  a gTo^^i;h  of  fat  tissue  occurs  which  seems  to  have 
a compensatory  function  only.  Thus,  in  atrojihy  of  the  kidney 
the  fat  tissue  around  the  pelvis  of  the  kidney  is  often  increased  in 
amount,  and  in  atrophy  of  skeletal  muscles  fat  tissue  may  extend 
in  abundantly  between  the  remaining  muscle-fibers  (pseudo- 
muscular  hypertroiihy).  In  healed  sclerosed  appendices  fat 
tissue  often  makes  its  a]ipearance  in  the  submucosa. 

Fatty  Infiltration  of  the  Liver. — Fat  is  often  deposited  in  the 
liver  cells,  sometimes  in  large  amounts.  The  condition  is  known 
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Fig.  31 . — Fat.  a,  In  epitliolial  colls  lining  tubnles  of  kidney;  h and  c,  in  nuiscle- 
fibers  of  heart  viewed  longitu(linally  and  in  cro.s.s-section. 


as  fatty  infiltration  of  the  liver.  If  it  is  of  moderate  degree  the 
fat  is  usually  located  in  the  cells  at  the  iierijihery  of  the  lobule 
around  the  portal  vessels.  In  marked  instances,  however,  every 
liver  cell  may  contain  a single  large  fat-droj)  which  ]iushes  the 
nucleus  to  the  periphery  of  the  cell  and  makes  it  look  like  a fat-cell. 

Cell  Degeneration  Evidenced  by  the  Presence  of  Fat;  So- 
called  Fatty  Degeneration. — Under  various  j:)athologic  conditions 
visible  fat  makes  its  appearance  in  cells  which  normally  contain 
none.  The  presence  of  the  fat  is  due  to  degeneration  following 
injury  or  faulty  nutrition.  The  degeneration  causes  im])aimient 
of  cell  function. 

The  fat  usually  appears  in  the  form  of  minute  to  small  drojilets 
in  the  cytoplasm  of  the  cells,  Init  sometimes  in  the  liver  it  occurs 
in  large  drops.  This  condition  of  cell  degeneration  associated  with 
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the  presence  of  fat  is  commonly  called  fatty  degeneration.  It  is 
old  usage  leased  on  the  mistaken  idea  that  the  fat  arises  directly 
within  the  cell  from  a change  of  the  ])roteid  into  fat.  This  view 
has  been  jn-oved  wrong.  The  term  is,  therefore,  incorrect. 

The  chief  source  of  the  fat  is  that  brought  as  nourishment  to 
the  cells  through  the  blood  and  lymph  and  not  utilized.  It  is 
thought  that  in  addition  some  of  the  invisil)le  fat  in  the  cells  may 
be  set  free  and  so  become  visible,  and  that  sometimes  com])licated 
lipoids,  such  as  lecithin,  may  break  down  and  fat  be  formed  from 


Fig.  32. — Fat  in  skeletal  masele-fibers  (diphtheria).  AF  and  W. 


them.  Certainly  fat  is  often  formed  in  abundance  from  myelin 
in  the  central  nervous  system. 

In  the  adrenal  glands  fat  due  to  cell  injury  is  difficult  to  dis- 
tinguish from  the  fat  normally  jiresent  and  in  the  liver  from  fat 
due  to  fatty  infiltration.  The  size  of  the  fat-droplets  will  not 
definitely  decide  the  matter,  although  in  general  fat  due  to  infil- 
tration in  the  liver  occurs  in  large  droplets  and  that  due  to  cell 
tlegeneration  in  small  droplets. 

Cell  degeneration  associated  with  the  presence  of  fat  is  caused 
largely  or  entirely  in  two  ways,  by  a deficient  supply  of  nourish- 


92 


PATHOLOGIC  HISTOLOGY 


ment  including  oxygen,  and  by  the  direct  injurious  action  of  toxins 
of  many  sorts. 

In  general  anemia  due  to  hemorrhage  from  a gastric  ulcer  or 
to  any  other  cause  much  fat  accumulates  in  the  heart,  kidneys 
and  other  organs.  Local  anemia  due  to  interference  with  the 
l)lood  supply  by  embolism,  thrombosis,  or  narrowing  of  blood- 
vessel lumen  likewise  results  in  injury  to  cells  and  in  the  accumu- 
lation of  fat  within  them.  The  contlition  is  common  at  the  edge 
of  infarcts  and  in  the  cells  situated  a little  away  from  the  blood- 
vessels in  ra]iidly  growing  tumors. 


Fig.  33. — Fiit  in  lujrve-fibors  (diplithcria).  M.  and  W. 


Many  injurious  agents  injure  cells  and  thus  cause  fat  to  ac- 
cumulate in  them.  Phosiihorus  is  a classical  example.  Chloro- 
form affects  particula^-ly  the  cells  in  the  center  of  every  liver  lobule. 
Diphtheria  toxin  often  injures  nerves  and  striated  muscles  and 
leads  to  the  presence  of  fat. 

Injured  c(!lls  which  contain  but  little  fat  may  recover,  but 
cells  which  contain  much  fat  have  been  injured  beyond  recovery. 

Fat  in  Endothelial  Leukocytes. — Fat  is  often  set  free  in  the 
body  by  necrosis  of  cells.  When  this  occurs,  the  fat  is  taken  up 
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by  endothelial  leukocytes  which  dis^wse  it  in  their  cytoi^lasni  in 
the  form  of  small  droplets  of  fairly  uniform  size.  The  leukocytes 
in  this  contlition  are  sometimes  called  fat  granule  cells.  Alter 
filling  themselves  with  fat  in  this  way  the  leukocytes  tend  to 
collect  in  the  lymphatics  around  blood-vessels  while  they  digest 
the  fat  and  })robal)ly  transform  it  into  other  compounds. 

Endothelial  leukocytes  filled  with  fat  are  often  numerous  in 
the  granulation  tissue  walls  of  old  abscesses,  in  the  inflamed 
mucous  membrane  of  chronic  salpingitis,  in  softened  foci  in  the 
brain,  in  atheromatous  ])atches  in  the  aorta  and  other  blood- 
vessels, and  in  all  kinds  of  tumors. 

Gross  Appearances  of  Fat  in  Tissues. — Fat  in  tissues  lends 
them  a white  to  yellow  color  and  a certain  amount  of  opacity, 
most  marked  when  the  fat  is  in  small  tlroplets  or  crystallized,  due 


Fig.  .34. — Spinal  cord.  Softening.  Endothelial  leukocytes  filled  with  fat 

collected  around  blood-vessels. 


to  refraction  of  the  light.  It  may  l)e  completely  masked  by 
injection  of  blood-vessels  and  may  be  simulated  by  anemia,  by 
mucous  connective  tissue  and  l)y  small  hyperplastic  masses  of 
elastic  tissue,  such  as  often  occur  in  scirrhous  cancer  of  the  Ijreast. 
From  these  it  may  be  distinguishetl  in  gross  by  its  greasing  the 
knife,  and  microscopically  by  its  characteristic  properties.  When  fat 
is  present  in  the  tissues  in  foci,  as  in  the  tiger  lily  heart,  it  stands 
out  more  prominently  than  when  evenly  distributed. 

Cholesterin  occurs  normally  in  solution  and  in  combination 
with  fats  and  soaps  in  the  bile,  in  nerve  tissue,  in  the  blood  and, 
in  slight  amount,  in  nearly  all  tissues.  In  its  crystalline  form  it  is 
easily  recognizable  on  account  of  its  occurrence  in  characteristic 
rhomboid  flakes,  usually  vith  a corner  out.  Treated  with  sul- 
phuric acid  it  turns  red,  then  violet.  lodin  followed  by  sulphuric 
acid  turns  it  blue. 
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C'holesterin  crystals  may  be  found  wherever  fatty  degeneration 
and  necrosis  of  cells  have  occurred;  for  example,  in  old  abscesses, 
in  old  echinococcus  cysts  and  hydrocele  sacs,  in  atheromatous 
patches  in  the  aorta.  They  also  appear  in  connection  with  corni- 
fied  epithelium,  as,  for  example,  in  dermoid  cysts,  in  wens,  in 
cholesteatomas. 


FLUID 

Fluid  often  accumulates  in  cells  and  between  them,  and  within 
cavities.  \'arious  terms  are  apiilied  to  the  condition — hydrops, 
dropsy,  edema,  ascites,  etc.  Here  we  are  concerned  chiefly  vith 
collections  of  fluid  within  and  between  cells. 

The  fluid  is  derived  from  the 
lymph,  which  in  turn  comes  from 
the  serum  of  the  blood.  Its  com- 
position evidently  varies  consider- 
ably, depending  on  the  conditions 
under  which  it  occurs;  sometimes 
fibrin  forms  ri'adily  in  it  ljut  at 
other  times  not. 

Hydrops  of  the  Cell. — The  ac- 
cumulation of  fluid  within  a cell  is 
sometimes  termed  hydropic  degen- 
eration or,  better,  hydrops  of  the 
cell.  The  condition  occurs  more 
often  in  the  cyto]ilasm  than  in  the 
nucleus,  and  may  ])ossess  no  great 
significance  although  the  affected 
cells  often  present  a striking  a])- 
pearance.  The  fluid  may  occur 
diffusely  in  the  cell  or  collect  within 
one  or  more  cavities  in  the  cytoplasm.  In  fixed  tissues  oidy  the 
cavities  or  vacuoles  in  which  the  fluid  was  contained  ap]iear. 
They  may  be  eni])ty  or  contain  spherules,  threads  or  networks  of 
fibrin  or  occasionally  hyaline  material. 

Fluid  accumulates  in  cells  most  often  in  connection  with 
inflammatory  conditions  of  various  sorts  as  the  result  of  the 
exuflation  of  serum.  Thus,  it  is  often  found  in  and  l)etween  the 
epithelial  cells  of  the  epidermis  where  large  collections  of  fluid 
known  as  l)list('rs  are  of  common  occurrence  (eczi'ina,  urticaria, 
smallpox,  varicella,  anthrax  pustule,  etc.).  It  may  also  occur  in 
a variety  of  cells  as  the  result  of  excess  of  fluid  in  the  tissues  in 
conseciuence  of  gcsieral  or  local  disturbances  of  the  circulation, 
causing  an  abundant  escape  of  lyni])h,  for  examjile,  as  the  result 
of  certain  lesions  of  the  heart  or  kidneys. 


Fig.  .3.5. — Hydrops  of  cells. 
Accumulation  of  serum  in  corni- 
fied  cells  of  epidermis.  Slight 
formation  of  fibrin. 


retrograde  processes 
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In  the  liver  fluid  often  collects  in  small  amounts  in  the  cells 
around  the  central  vein  in  the  early  stage  of  central  necrosis.  The 
cells  show  one  to  several  vacuoles, 
in  each  of  Avhich  is  a small  ball 
of  fibrin.  In  the  larger  vacuoles 
the  fibrin  may  appear  as  threads 
or  as  a netAvork. 

Fluid  accumulates  in  striated 
muscle-fibers  in  a variety  of 
infectious  processes  and  particu- 
larly in  the  early  stages  of  inva- 
sion Avith  the  trichinella  spiralis. 

The  longitudinal  striations  are 
usually  pressed  to  the  periphery, 
but  may  be  separated  into  bun- 
dles b}'  the  formation  of  numerous 
vacuoles  filled  AA'ith  fluid. 

Fluid  accumulation  betAA'een 
cells  and  fibrils  is  generally  termed  edema.  It  is  of  common 
occurrence  in  inflammatory  conditions  and  also  as  the  result  of 


Fig.  37. — Ilydrop.s  of  striated  mu.scle-fibers.  M. 


transudation,  due  to  general  or  local  disturbances  of  circulation. 
Fluid  often  collects  in  tumors;  for  example,  in  fibromas  causing 


Fig.  3G. — Hydrops  of  cardiac  mus- 
cle-fibers. 
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edema  of  them,  and  in  the  stroma  of  adenomas  of  the  lireast.  It 
is  not  always  easy  to  distinguish  lietween  simple  edema  and 
that  secondary  to  the  secretion  of  mucin  by  mucous  connective- 
tissue  cells. 

The  kidney  under  various  conditions  (glomerulonephritis, 
etc.)  often  shows  fluid  in  the  cells  and  tubules  and  in  the  inter- 
stitial tissue. 


NECROSIS 

Necrosis  is  the  term  applied  to  local  death  of  cells,  that  is,  to 
death  of  cells,  singly  or  in  groups,  while  surrounding  cells  continue 
living.  Necrobiosis  is  a term  sometimes  applied  to  slow  death  of 
cells  under  similar  circumstances. 

Of  the  various  retrograde  ]irocesses  necrosis  is  necessarily  the 
most  serious  because  it  signifies  the  end  of  the  life  of  the  cells 
involved.  It  may  affect  normal  cells  or  follow  one  or  another  of 
the  forms  of  degeneration,  especially  that  associated  with  the 
presence  of  fat  in  the  cells.  On  this  account  it  is  impossilile 
always  to  draw  a sliarp  line  between  degeneration  and  necrosis. 

As  soon  as  necrosis  occurs  the  cells  involved  become  a foreign 
body, — that  is,  an  injurious  agent,- — exciting  an  inflammatory 
reaction  in  part  at  least  as  the  result  of  injurious  substances 
emanating  from  it,  anti  often  stimulating  regeneration  by  cells  of 
the  kind  destroyed. 

The  causes  of  necrosis  are  almost  as  numerous  as  the  causes 
of  inflammation,  and  include  many  of  the  injurious  agents  in  the 
mechanical,  physical  and  chemical  groujis.  In  addition,  however, 
a very  important  role  is  played  by  the  cutting  off  of  nutrition, 
including  oxygen,  from  the  tissues.  This  is  effected  by  plugging 
the  vessels  on  the  inside  by  embolus  or  thrombus,  or  by  constrict- 
ing the  vessels  from  without  by  compression. 

Necrosis  may  affect  single  cells  or  small  or  large  groipis  of 
them.  It  may  involve  only  the  parenchymatous  cells  in  an  organ 
(central  necrosis  of  the  liver),  or  all  the  cells  in  masses  of  tissue 
(infarction  of  kidney). 

(Tils  killed  suddenly  often  cannot  be  distinguished  at  first  from 
living  cells,  but  only  after  certain  chemical  and  physical  changes 
have  taken  place  in  them,  as  a result  of  being  kc]it  at  body  tem- 
perature and  bathed  in  fluid.  These  changes  affect  botli  the 
nucleus  and  the  cytoplasm  and  are  characteristic  of  necrotic  cells. 

The  chromatin  of  the  nucleus  may  contract  into  a small, 
irregular,  jagged  mass  and  stain  intensely  (]>yknosis),  or  divide 
into  irregular  masses  which  stain  deeply  (karyorrhexis),  or  gradu- 
ally dissolve  so  that  the  nucleus  stains  less  and  less  distinctly  or 
not  at  all  (karyolysis).  These  transformations  are  sometimes 
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simulated  more  or  less  closely  by  postmortem  changes.  Thus 
in  the  liver  many  of  the  nuclei  often  stain  uniformly  and  intensely 
while  the  others  apj)ear  normal,  and  in  the  convoluted  tubules  of 
the  kitlney  the  nuclei  commonly  fade  away  and  refuse  to  stain  aftei- 
a certain  number  of  hours. 

The  cytoplasm  may  become  vacuolated  from  edema,  hyaline 
from  disappearance  of  its  granules,  coagulated  and  homogeneous 
so  that  it  stains  deeply  with  acid  dyes,  or  dissolved  by  the  action 
of  ferments. 

C'ertain  types  of  necrosis  have  received  special  names. 

Coagulation  Necrosis. — Coagulation  necrosis  is  a term  applied 
originally  by  Weigert  to  the  transformation  assumed  to  take  place 
in  necrotic  tissue  in  consequence  of  which,  along  with  other  changes, 
it  swells  slightly  and  becomes  firmer  than  normal.  It  is  supposecl 
that  the  albumin  of  the  cells,  after  the  necrotic  tissue  has  been 
permeated  vith  fluid,  undergoes  some  form  of  coagulation  such 
as  albumin  does  when  acted  on  by  formaldehyd,  lieat,  alcohol, 
etc.  Fibrin  formation  is  not  in  the  least  essential  to  the  process, 
although  fibrin  may  bo  present  in  greater  or  less  amount. 

The  classical  example  of  coagulation  necrosis  is  seen  in  an 
infarct  of  the  kidney.  Its  gross  characteristics  are  best  studied 
there.  iMicroscojncally,  the  cells  go  through  one  or  more  of  the 
changes  peculiar  to  necrotic  cells  until  finally  they  appear  homo- 
geneous and  more  or  less  fused  with  each  other  and  with  the 
surrounding  blood-vessels  and  intercellular  fibrils  so  that  the  whole 
forms  a sti'uctureless  mass. 

The  changes  in  the  cells  peculiar  to  coagulation  necrosis  may 
take  place  also  in  single  cells  and  in  groups  of  them.  Thus,  it  is  of 
frequent  occurrence  in  the  liver  (focal  necrosis),  in  striated  skeletal 
muscle  (Z(>nker’s  degeneration)  and  also  in  various  infectious 
processes. 

Caseation. — Caseation  is  a form  of  necrosis  occurring  es])ecially 
in  the  lesions  produced  by  the  tubercle  bacillus.  It  is  due  to  the 
gradual  necrosis  (necrobiosis)  of  the  leukocytes  of  the  inflammatory 
reaction  to  the  organism,  and  of  any  included  tissue  cells.  As  the 
cells  are  injured  I)efore  they  are  killed  they  usually  contain  more 
or  less  fat. 

The  usual  inflammatory  reaction  to  the  tubercle  bacillus  in 
blood-vessels  consists  of  an  accumulation  of  endothelial  leukocytes. 

hen,  however,  the  organisms  arc  in  lymph-spaces  and  vessels  or 
in  epithelial-lined  cavities,  serum  (much  fibrin  often  forms  from  the 
serum)  and  a relatively  small  number  of  lymphocytes  may  be 
added  to  the  leukocytes.  The  leukoc^des,  by  occluding  blood-  and 
lymph-vessels,  gradiiall}'  cut  off  all  nourishment.  The  tissue  cells 
undergo  necrosis  first,  because  more  delicate,  and  disai)pear;  then 
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the  leukocytes,  beginning  in  the  center  of  the  lesion  and  extending 
peripherally,  die  off  gradually  in  the  same  way.  Caseation  in 
tuberculous  lesions  consists  chiefly,  then,  of  necrotic  endothelial 
leukoc^des  which  have  thoroughly  infiltrated  the  tissue  and  de- 
stroyed most  or  all  of  its  landmarks.  Combined  with  the  necrotic 
leukocytes  there  may  be  much  fibrin  of  inflammatory  origin. 

Similar  lesions  may  be  protluced  by  the  oidium. 

The  caseation  occurring  in  the  lesions  of  syphilis  is  somewhat 
different.  The  reaction  to  the  treponema  pallidum  consists  of  a 
moderate  inflammatory  exudation  (usually  endothelial  leukocytes 
and.  lymphocytes,  less  often  polymorjihonuclear  leukocytes)  com- 
binetl  with  reparative  proliferation  of  fibroblasts.  This  process 
taking  place  in  the  walls  of  blood-vessels  frequently  leads  to  their 
occlusion  and  to  necrosis  of  the  tissue  supplied  liy  them.  In  these 
necrotic  areas  tissue  landmarks  such  as  blood-vessels,  fat  and 
fibrous  tissues,  and  muscle  can  usually  still  be  made  out,  although 
later  they  may  disappear  owing  to  the  attraction  often  exertetl 
by  this  necrotic  tissue  on  endothelial  and  polymorphonuclear 
leukocytes.  The  necrosis  in  a gumma  is,  therefore,  often  much 
more  like  that  in  an  infarct  than  in  a tuberculous  lesion. 

Fat  necrosis  is  a term  applied  to  necrosis  of  inulti]Dle,  dissem- 
inated, usually  miliary  but  sometimes  extensive,  areas  of  fat  tissue. 
The  lesion  occasionally  occurs  in  the  peritoneal  cavity  and  is  due 
to  the  action  of  digestive  ferments  which  have  escaped  in  some 
way  from  the  pancreas.  The  pancri'atic  ferments  act  on  the 
glycerids  of  the  palmitic,  stearic  and  oleic  acids  and  split  them 
into  free  fatty  acids  and  glycerin.  The  glycerin  is  absorlied  and 
removed.  The  free  fatty  acids  remain  as  needlc-sha])ed  crystals 
or  unite  with  the  calcium  of  the  tissues  to  form  an  amor})hous 
granular  material.  This  causes  the  areas  to  have  an  opaque  white 
appearance. 

The  necrotic  areas  at  first  attract  polymorphonuclear  leu- 
kocytes, but  these  are  soon  succeeded  by  endothelial  leukocytes 
which  surround  and  gradually  alisorb  the  fat  jiroducts  of  the 
necrotic  fat-cells.  Occasionally,  they  fuse  to  form  giant-cells. 

Pancreatic  tissue  is  often  involved  in  the  same  way  as  the  fat 
tissue  and  very  rarely  the  ferments  may  extend  to  the  muscles  of 
the  alxlominal  wall  and  cause  extensive  necrosis  of  them. 

Colliquation  or  liquefaction  necrosis  is  characterized  by  the 
fact  that  the  necrotic  tissue  elements  swell  and  dissolve  in  the 
tissue  juices.  The  process  is  most  common  in  the  brain  following 
ischemia.  As  the  result  of  the  softening  cysts  arc  formed. 

Gangrene  is  a clinical  term  apiilied  to  two  different  conditions: 
(a)  to  necrotic  tissue  which  is  in  such  a location  (toes,  fingers) 
that  when  it  undergoes  infarction  it  may,  under  the  influence  of 
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the  air,  dry  up  (dry  gangrene,  mummification),  or  (h)  to  necrotic 
tissue  anywhere  (extremity,  lung,  a})pendix)  which,  under  the 
influence  of  bacteria,  undergoes  putrefactive  changes  (moist, 
stinking  gangrene,  sphacelus). 

Gangrene  about  the  mouth  has  received  the  special  name  of 
noma.  It  is  apparently  due  to  the  bacillus  fusiformis  acting  alone 
or  in  conjunction  with  a spirillum. 

Emphysematous  gangrene  is  a condition  of  moist  gangrene 
accompanied  by  the  formation  of  gas.  It  is  due  in  most  instances 
to  infection  with  the  bacillus  aerogenes  cai)sulatus. 

A line  of  demarcation  due  to  acute  inflammatory  reaction  is 
formed  at  the  edge  of  gangrenous  tissue  just  as  around  an  infarc- 
tion in  the  kidney  or  any  other  organ. 

A marked  inflammatory  reaction  takes  place  at  the  edge  of 
necrotic  tissue  when  the  cells  have  been  killed  suddenly,  as  in  a 
bland  Infarct  of  the  kidney.  This  is  due  to  toxins  set  free  by  the 
necrotic  cells.  On  the  other  hand,  there  may  be  no  reaction  if 
necrosis  conies  on  slowly  as  the  result  of  gradual  cutting  off  of  the 
blood  supiily,  because  very  little  toxin  is  sot  free  at  any  one  time. 
The  be.st  examples  are  seen  in  tumors  where  the  cells  at  a distance 
from  the  blood-vessels  slowly  die,  dissolve  and  disappear  without 
an}'’  inflammatory  reaction  being  excited,  leaving  each  vessel 
surrounded  vdth  a sheath  of  tumor  cells  and  thereby  suggx'sting 
a iierithelial  type  of  growth. 

HYALINE  SUBSTANCES 

Numerous  substances  occurring  in  the  liody  have  the  one 
common  property  of  appearing  transparent,  like  glass.  These 
substances  differ  greatly  in  chemical  composition.  A few  exhibit 
fairly  definite  chemical  reactions;  most  of  them  do  not.  They 
will  be  considered  under  several  different  headings. 

GLYCOGEN 

Glycogen  is  a carbohydrate  which  easily  changes  into  grajie- 
sugar.  It  is  a homogeneous  hyaline  substance  which  a]ipears 
microscopically  in  the  form  of  granules  and  small  globules.  It  is  the 

only  one  of  the  carliohydrates  which  is  visible  and  demonstrable 
under  the  microscope. 

Olycogen  is  fairly  soluble  in  ivater  and  by  this  property  is 
readily  distinguishable  from  amyloid.  In  add'ition  it  is  quickly 
changed  to  supr  by  the  action  of  saliva.  Like  amyloid  it  is 
stained  brownish  red  by  iodin.  Stained  with  Bests’  carmin 
solution  It  appears  red,  while  amyloid  is  colorless. 

01}Togen  when  present  occurs  usually  in  the  cytoplasm,  but 
sometimes  m diabetes  is  found  also  in  the  nuclei  of  the  liver  cells. 


e S 

Fig.  38. — Glycogen  in,  a,  liver  cells;  &,  nuclei  of  liver  cells;  c,  in  liver  cells 
(fixing  reagent  drives  the  glycogen  to  side  of  cell  away  from  it);  d,  in  kidney 
in  diabetes;  e,  in  an  embryoma  of  the  testicle;  /,  in  polymorphonuclear  and 
endothelial  leukocytes. 
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Many  cells  under  normal  conditions  contain  glycogen  per- 
manently or  temporarily.  This  is  especially  true  of  liver  cells 
and  striated  muscle-fibers.  It  also  occurs  normally  in  cartilage  cells. 

Under  pathologic  conditions  glycogen  is  frequently  abundant. 
Thus,  in  inflammatory  conditions  it  is  common  in  the  young 
fibroblasts  and  endothelial  cells  of  granulation  tissue.  It  is  fre- 
quently contained  also  in  epithelial  cells.  In  persistent  glycosuria 
and  in  diabetes  glycogen  occurs  not  only  in  the  liver  cells,  but 
also  in  small  to  large  globules  in  the  epithelium  of  Henle’s 
loops  in  the  kidneys.  It  is  also  found  in  the  cells  of  many  tumors 
(adrenal  cancers,  chondromas). 

MUCIN 

IMucus  is  a hyaline  slimy  substance  which  occurs  normally  as 
a secretion  of  the  epithelial  (beaker)  cells  of  the  gastro-intestinal 
tract,  as  one  of  the  homogeneous  substances  produced  under 
certain  conditions  by  the  fibroblast  (mucous  connective-tissue 
cells  of  the  umbilical  cord),  and  in  the  fluids  of  joints,  bursas  and 
temlon  sheaths. 

Mucus  is  not  a definite  compound,  but  contains  a group  of 
nitrogenous,  albuminous  substances  called  mucins,  which  dissolve 
or  swell  up  in  water  to  form  slimy  stringy  fluids.  They  are  pre- 
cipitated by  acetic  acid  and  by  alcohol  in  the  form  of  threads 
which  are  not  dissolved  by  excess  of  the  acid.  They  dissolve, 
however,  after  iwecipitation,  in  neutral  salt  solutions  and  in 
caustic  alkalis. 

In  epithelial  cells  the  mucus  occurs  as  round,  trans]:)arent 
masses  which  may  l)e  cast  off  as  in  ordinary  beaker  cells,  or  the 
drops  of  mucus  may  run  together  until  the  whole  cell  is  transformed 
into  a homogeneous  mass. 

In  mucous  connective  tissue  the  fibroblasts  are  more  or  less 
star-sha])ed,  vith  branching  cytoplasmic  processes,  and  the  mucus 
occurs  between  the  collagen  fibrils  which  are  often  widelyse])arated. 
This  type  of  tissue  is  widely  distributed  in  the  embryo,  but  is 
best  exemj)lified  in  the  umbilical  cord  (Wharton’s  jelly). 

Under  pathologic  conditions  the  mucous  secretion  of  epithelial 
cells  may  be  much  increased  or  the  cells  transformed  into  mucus. 
The  cells  of  epithelial  tumors  arising  from  the  gastro-intestinal 
tract  often  secrete  mucus  and  sometime's  masses  of  the  tumor 
cells  are  gradually  transformed  into  that  homogeneous  substance. 
Less  often  tumors  arising  in  the  mammary  gland  and  in  the  ovary 
undergo  mucous  degeneration.  The  e])ithelial  tumors  arising 
from  the  ovary  are  more  likely  to  contain  pseudomucin,  a homo- 
geneous slimy  substance  which  is  precipitated  by  alcohol  but  not 
by  acetic  acid. 
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^^'hile  mucus  is  not  i)roduced  iiornially  in  the  adult  by  filiro- 
blasts,  it  occurs  not  infrequently  in  tumors  of  mesenchymal  origin; 
for  example,  in  fibroma,  chomlroma,  osteoma  and  in  the  rapidly 
growing  tumors  composed  of  the  same  type  of  cell  (myxosarcoma, 
etc.).  It  occurs  also  in  mixed  tumors  of  the  parotid  region,  ami 
not  infrequently  in  the  connective-tissue  stroma  of  certain  ej)i- 
thelial  new-growths. 


AMYLOID 

Introduction. — Amyloid  is  a homogeneous,  translucent,  color- 
less, solid  substance  characterized  by  fairly  definite  chemical 
reactions  which  distinguish  it  from  the  other  hyaline  substances. 


I’ig.  39. — Amyloid  formation  in  liver.  Methyl-violet  reaction  for  amyloid. 

According  to  Krawkow  it  is  a combination  of  an  albuminous  body 
with  chondroitin  sul])huric  acid.  The  latter  substance  is  found 
especially  in  cartilage  and  elastic  tissue. 

Amyloid  is  not  a product  of  degeneration  of  cell  or  fibril,  or 
something  filtered  out  of  the  blood  like  serum.  Instead  it  is  a 
(lej)osit  in  tissues  manufactured  out  of  normal  constituents  of  the 
blood  by  cell  activity,  as  will  be  explained  farther  on. 

Properties. — Amyloid  is  insoluble  in  wati'r  and  in  alkalis, 
and  dissolves  with  difficulty  in  strong  acids.  Treated  with  Lugol’s 
solution,  it  stains  mahogany  brown  while  the  surrounding  tissue 
appears  of  a yellow  color.  On  the  addition  of  one  p(T  cent  sulphuric 
acid  the  brown  may  turn  to  blue,  violet  or  green;  the  reaction  is 
not  constant.  Sections  stained  with  methyl-violet  followed  by 
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dilute  acetic  acid  show  the  amyloid  rose  red,  the  nuclei  blue,  and 
the  other  structures  pale  blue  or  colorless.  Methyl-green  and 
certain  other  anilin  dyes  give  a similar  metachromatic  color  re- 
action. The  reaction  with  the  anilin  stains  is  considered  more 
reliable  than  that  with  iodin. 

Origin. — Amyloid  does  not  exist  as  such  in  the  Idood.  By 
some  it  is  claimed  that  it  is  manufactured  by  cell  activity  out  of 
a substance  in  the  circulation.  It  seems  to  be  generall}^  assumed, 
owing  to  the  deposition  of  amyloid  to  a large  extent  just  outside 
of  the  endothelial  cells  lining  blood-vessels,  that  they  are  the  cells 
active  in  its  production. 


Fig.  40. — Liver.  Amyloid  formation.  Pressure  atropliy  of  liver  cells. 


It  seems  more  reasonable  to  regard  amyloid  as  an  abnormal 
product  of  the  fibroblast;  in  suitport  of  this  view  a certain  amount 
ot  evidence  can  be  brought  forward.  The  ordinary  fibroblast  is 
cajmble  of  i)roducing  under  different  contlitions  a variety  of  fibrils 
and  homogeneous  substances  (fibroglia,  collagen  and  clastic 
fibrils;  mucin,  chondromucin  and  osseomucin).  It  seems  more 
likely  that  the  normal  metabolism  of  the  fibroblast  should  be  so 
altertnl  by  functional  disturbances  as  to  produce  an  abnormal 
product,  than  that  endothelial  cells  should  develop  the  property 
of  manufacturing  such  a substance. 

The  chemical  composition  of  amyloid,  namely,  the  presence 
of  chondroitin  sulphuric  acid  is  in  favor  of  the  origin  of  amyloid 
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from  fibroblasts  because  it  is  found  in  other  jiroducts  of  these  cells, 
namely,  in  elastic  fibrils  and  in  chondromucin. 

The  position  of  amyloid  is  around  the  fibroblasts,  around  and 
between  the  collagen  fibrils.  This  is  true  not  only  in  the  walls  of 


a h 

Fig.  41. — Amyloid  formation  in  spleen,  a,  In  pulp;  h,  in  lymph-nodule. 


the  smaller  blood-vessels  just  outside  of  the  lining  endothelium, 
but  also  around  the  tubules  of  the  kidney,  between  the  smooth 


a b 


Fig.  42. — Tumor  (lymphoblastoma  ?)  with  extensive  amyloid  formation  in 

stroma. 


muscle-cells  in  the  walls  of  arteries  and  in  jdaces  where  no  endo- 
thelial cells  are  present. 

Amyloid  is  manufactured  chiefly  in  certain  situations  and 
usually  close  to  blood-vessels;  in  the  liver  between  the  walls  of 
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the  sinusoids  and  the  columns  of  liver  cells,  in  the  glomeruli  of  the 
kidneys,  in  the  lyni})h-nodules  of  the  s])leen  and  lymph-nodes  and 
around  the  reticulum  of  the  sj^leen,  in  the  islets  of  the  jiancreas. 

The  occurrence  of  local  amyloid  when  there  is  no  systemic 
disturbance  of  metabolism  favors  this  view  of  the  origin  of  amyloid, 
as  well  as  the  occurrence  occasionally  of  amyloid  in  the  stroma  of 
tumors. 

Fibroblasts  often  produce  a hyaline  substance  reseml^ling  amy- 
loid except  in  reaction. 

Amyloid  is  formed  in  consequence  of  some  disturbance  of  cell 
metabolism.  This  disturbance  may  l)e  general  or  local.  In 
general  amyloid  formation  various  organs  may  be  affected;  for 
example,  the  liver,  spleen,  kidneys,  intestine,  etc.  In  local  amyloid 
formation  the  substance  may  be  confined  to  a single  site. 


a b 

Fig.  43. — Amyloid  formation  in  adrenal  gland,  a,  Collagen  fibrils  still  ap- 
par('iit  in  the  midst  of  the  amyloid;  b,  marked  atrophy  of  adrenal  cells. 


General  Amyloid  Formation. — Amyloitl  occurs  in  a variety  of 
cachectic  conditions,  especially  when  there  has  Iteen  much  loss 
of  albumin.  Thus,  it  is  found  in  cases  of  prolonged  suiq)uration 
from  any  cause  and  in  any  location;  but  it  also  occurs  under 
other  conditions  when  there  has  been  no  pus  formation.  The 
following  list  is  illustrative  but  by  no  means  complete. 

A.  Chronic  ulcerative  tuberculous  lesions  of  lung,  intestine 

or  bone. 

Actinomycosis. 

Chronic  dysentery. 

Ulcerating  new-grovihs  (carcinoma  of  stomach,  etc.). 

B.  Chronic  syphilis. 

Chronic  nephritis. 
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Malarial  cachexia. 

Chronic  anemia. 

General  amyloid  formation  may  be  firodiiced  experimentally 
m animals  by  causing  prolonged  suppuration,  and  occurs  commonly 
m the  rats  and  mice  used  for  carcinoma  iiropagation. 

Local  amyloid  formation  is  rare.  The  amyloid  may  occur 
m tumor-like  swellings  at  the  base  of  the  tongue,  in  the  mucous 
membrane  of  the  larynx,  trachea  and  bronchi,  in  the  eyelids  and 
thhusely  m the  wall  of  the  urinary  bladder.  It  also  occurs  oc- 
casionally in  the  stroma  of  certain  tumors  without  being  present 
else\yhere  in  the  body.  The  cause  of  its  formation  is  unknown, 
but  is  probably  due  to  some  disturbance  of  metabolism  in  fibro- 
blasts, as  the  result  of  local  chemical  action. 


a h 

l'\^.  44. — Lrinary  bladder.  Amyloid  formation,  a,  Atrophy  of  muscle- 
hbers  from  pressure  by  amyloid;  b,  amyloid  taken  up  as  a foreign  body  by  a 
giant-cell. 

As  already  stated,  amyloid  is  always  found  in  close  relation 
to  fibroblasts.  It  is  deposited  lietween  the  collagi'ii  filirils  which, 
at  first,  in  properly  stained  sections  stand  out  distinctly,  but  later 
disappear.  Amyloid  when  first  deposited  is  finely  fibrillar,  but 
soon  becomes  homogeneous.  Amyloid,  like  the  other  jiroducts 
of  the  fibroblast,  reiiuires  the  care  of  tlie  cell.  ^Mien  this  is  re- 
moved by  the  death  of  the  cell  the  amyloid  becomes  a foreign 
bofly  and  is  attacked  and  dissolved  by  the  action  of  endothelial 
leukocytes  wliich  sometimes  fuse  to  form  giant-cells.  Tumor 
cedis  may  also  attack  tlu'  amyloid  when  it  is  formed  in  the  stroma 
of  the  new-growth  and  utilize  it  as  food. 
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Effect. — Amyloid  exerts  mechanical  pressure;  hence  it  causes 
gradual  atro])hy  and  disappearance  of  the  important  functioning 
or  parenchymatous  cells  in  the  organs  affected;  for  example,  the 
liver  cells  in  the  liver,  the  lymphoblasts  in  lymph  nodules  of  the 
spleen  and  lymph-nodes.  It  destroys  the  glomeruli  in  the  kidneys, 
and  hence  leads  to  degeneration  and  atrophy  of  the  tubular 
epithelium.  The  result  is  sclerosis  of  the  kidney. 

Gross  Appearance. — Amyloid  frequently  leads  to  increase  of 
size  and  consistence  of  the  organ  in  which  it  is  found.  The  kidney, 
however,  in  the  late  stage  may  be  smaller  than  normal  owing  to 
atrophy  and  disappearance  of  many  of  the  tubules.  Amyloid 
organs  are  usually  pale  and  translucent  and  have  a dry  appearance. 
Amyloid  is  evidently  of  a tough  consistence  because  the  walls  of 
affectetl  arteries  never  dilate  or  rupture. 


Fig.  45. — Colloid  in  epithelial  cells  lining  a tubule  in  the  kidney.  M. 


COLLOID 

The  term  colloid  is  applied  to  the  transparent,  semisolid  secre- 
tion of  the  thyroid  gland.  Unlike  mucus  it  remains  homogeneous 
after  treatment  with  alcohol  or  acetic  acid.  It  is  characterized 
chemically  by  containing  iodin  in  the  form  of  iodothyrin.  The 
acid  dyes  tend  to  stain  it  rather  deeply. 
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Tlie  torni  colloid  is  also  applied  to  other  homogeneous  sub- 
stances of  epithelial  origin  which  in  appearance  and  consistence 
resemble  the  colloid  of  the  thyroid  gland,  although  cheinic^^  ly 
they  .nay  difter  inm-kedly  from  it.  This  is  especially  true  of  ce^ 
tain  hyaline  substances  appearing  as  droplets  in  the  renal  cells 
and  as  casts  in  the  tubules  of  the  kidney. 

The  colloid  material  deriveil  from  the  epithelial  cells  in  the 
£ands  of  the  prostate  usually  takes  the  form  of  rounded  con- 
ntiically  layered  masses  called  coi'iiora  amylacea,  because  in  the 
early  .lays  of  pathology  they  were  incorrectly  siiiiposed,  on  the 
ba.sis  of  a single  chemical  reaction,  to  be  related  to  starch.  8imilar 
bodies  sometimes  occur  m the  alveoli  of  the  lung  and  may  be  formed 
m large  numbers  in  cysts  of  the  kidney.  Similar  bodies,  usually 
smaller  m size,  are  sometimes  formed  in  large  numbers  in  the 
central  nervous  system,  e.sjiecially  beneath  the  jiia,  when  retrograde 
changes  are  in  ])rogress.  ^ 


FIBRIN 

Fibrm  is  usually  fairly  definitely  characterized  by  its  appear- 
ance in  the  form  of  delicate  to  coarse  anastomosing  threads  and  bv 
its  staining  reactions.  But  it  may  also  appear  as  a coarse  hyaline 
reticulum  (diphtheritic  membrane)  and  as  hyaline  spherules  (in 
hver  ce  Is  in  beginning  central  necrosis).  Necrotic  cells  and  fibrils 
and  red  blood-corpuscles  bathed  in  serum  frequently  undergo  a 
hyaline  change  due  to  the  formation  of  fibrin.  In  this  way  hyaline 
masses  of  various  sizes  and  shapes  may  be  formed  in  blood-vessels 
(hyaline  thrombi)  and  in  the  tissues. 


HYALIN 

Hyalin  in  the  Liver. — In  alcoholic  cirrhosis  the  liver  cells  un- 
dergo a peculiar  and  apiiarently  characteristic  ty]ie  of  hyaline 
change  pieceding  necrosis,  dhe  cells  swell  somewhat  and  in  the 
cytoplasm  ajipi'ars  a coarse  hyaline  mesliwork  which  tends  to  stain 
deeply  with  eosin  and  methylene-blue  and  with  phosphotungstic 
acid  hematoxylin. 

In  a normal  individual  in  whom  violent  injury  caused  sudden 
death  the  liver  was  studded  with  small,  sharply  defined,  light 
colored  areas,  up  to  several  millimeters  in  diameter.  Micro- 
scopically the  liver  cells  in  these  areas  are  homogeneous  and  hya- 
line, but  flo  not  tend  to  stain  deeply  with  eosin;  all  the  granules 
have  disappeared  from  the  cytojilasm.  The  nuclei  stain  about 
normally.  Possibly  the  appearance  is  due  to  beginning  coagula- 
tion necrosis  following  concussion,  and  is  analogous  to  the  hyaline 

change  which  takes  place  in  striated  muscle  after  rupture  and 
other  injuries. 
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Hyalin  in  Plasma  Cells. — It  is  not  uncommon  for  hyaline 
droplets  of  various  sizes  to  develop  in  the  cytoplasm  of  plasma 
cells.  They  stain  faintly  to  fleeply  with  acitl  dyes  and  are  brought 


Fig.  46. — Liver.  Alcoholic  cirrho.sis.  Hyaline  material  in  cytophism  of  liver 

cells.  M.  and  W. 


Fig.  47. — Liver.  Sudden  death  from  violence.  Hyaline  areas  apparently 
due  to  coagulation  and  loss  of  cell  granulations. 


out  prominently  by  the  fuchsin  in  the  tubercle  Itacillus  stain. 
After  death  of  the  cell  these  hyaline  droj^lets  may  persist  for  some 
time  in  the  tissues.  They  were  once  claimed  to  be  parasites  and 
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the  cause  of  cancer.  As  a result  of  this  notoriety  they  are  still 
often  called  “llussell’s  fuchsin  bodies.” 


Fig.  48. — Hyaline  material  forming  in  and  on  the  walls  of  capillaries  in  the 

cerebellum. 

Hyalin  in  Blood-vessels.— In  the  blood-vessels  of  the  brain  in 
general,  but  especially  in  the  cerebellum,  hyalin  occasionally 

occurs  in  the  form  of  multi])le  small 
droplets  which  gradually  enlarge  and 
fuse  together  so  as  to  form  homo- 
geneous hyaline  walls  to  the  vessels. 
Sometimes  all  the  cajiillaries  over 
considerable  areas  are  sheathed  in 
this  way.  Concentric  masses  of 
various  sizes  are  also  frequently 
formed  outside  of  the  vessels.  As  a 
result  of  the  hyaline  deposit,  thick- 
ening and  fusing,  the  intervening 
cells  atrophy  and  disa]ipear,  so  that 
large  masses  of  hyalin  may  lie 
formed.  Lime  salts  are  usually 
deposited  in  this  hyalin.  As  a result 
calcareous  masses  of  consideral)le 
size  and  rigid  blood-vessels  are  sometimes  formed.  Later,  the  calci- 
fied masses  may  become  ossified  owing  to  organization  by  fibroblasts. 


Fig.  49. — Artery.  Arterio- 
sclerosis. Hyaline  formation 
with  narrowing  of  lumen. 
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In  various  acute  infectious  diseases  the  arteries  in  the  S])leen 
show  another  type  of  hyaline  change.  The  walls  aj^pear  hyaline 
and  very  noticeably  swollen  so  that  the  lumen  is  encroached  on. 
A Scharlach  li.  stain  always  shows  much  fat  ])resent.  A similar 
appearance  is  presented  by  lesions  of  a chronic  t}^pe  appearing 
in  the  condition  known  as  arteriosclerosis. 

Hyalin  in  Smooth  Muscle-cells. — The  central  portion  of 
smooth  muscle-cells  often  presents  a thickened  hyaline  appear- 
ance and  stains  deeply  with  eosin.  This  is  a postmortem  change. 
It  is  especially  common  in  the 
muscle-cells  of  the  prostate,  but 
may  occur  in  smooth  muscle 
anywhere. 

Zenker’s  Degeneration. — Ne- 
crotic striated  muscle  undergoes 
usually  a change,  called  coagula- 
tion necrosis,  as  a result  of  which 
the  striations  disappear  and  the 
cytoplasm  becomes  homogene- 
ous. To  this  form  of  hyaline 
change  in  striated  muscle  the 
term  Zenker’s  degeneration  is 
applied  because  the  process  was 
first  desc^-ibed  by  him.  Some- 
times this  hyaline  change  fails  to 
take  place  and  the  striations  persist  until  the  necrotic  muscle  is 
entirely  dissolved  by  the  action  of  leukocytes. 

Hyaline  Connective  Tissue. — The  collagen  fibrils  of  connective 
tissue  are  often,  under  certain  conditions,  rendered  invisilde,  as 
they  usually  are  in  cartilage  and  bone,  and  ]:>robably  in  the  same 
way,  by  the  deposition  of  a homogeneous  substance  between  them, 
which  binds  them  intimately  together.  Thus,  hyaline  connective 
tissue  is  frequently  found  in  the  lymph-nodules  of  l}unph-nodes  and 
of  the  spleen  following  inhammatory  changes;  in  old  healed 
tuberculous  lesions;  in  sclerosed  glomeruli. 


Fig.  50. — Necrosis  and  hyaline 
transformation  of  skeletal  muscle- 
fibers  (Zenker’s  degeneration). 


PIGMENTS 

Certain  substances  possess  more  or  less  color.  The  formation 
or  deposition  of  such  substances  in  the  body  is  called  pigmentation, 
and  the  colored  materials  themselves  are  spoken  of  as  pigments. 
Pigments  may  appear  in  homogeneous,  granular  or  crystalline 
form.  They  are  divided  according  to  their  origin  into  two  classes: 
endogenous,  those  which  originate  within  the  body  and  exogen- 
ous, those  which  enter  the  body  from  without.  The  endogenous 
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]iij>;iiients  are  further  divided  into  two  groups:  autogenous,  those 
torined  l)y  the  cells  themselves;  hemoglobinogenous,  those  derived 
directly  or  indirectly  from  the  hemoglobin  of  the  blood. 

A.  Autogenous  Pigments 

There  are  several  kinds  of  pigment  produced  by  cell  metab- 
olism of  which  the  most  important  is  melanin. 

1.  Melanin  is  the  pigment  which  gives  the  color  to  the  skin, 
hair  and  eyes.  It  occurs  within  cells  in  the  form  of  browm  to 
black  granules.  Its  chemical  nature  has  not  been  definitely  deter- 
mined, but  it  does  not  seem  to  be  due  to  blood  pigment. 

In  the  skin  melanin  is  found  in  the  deepest  layers  of  epithelial 
cells  and  also  in  the  melanoblasts  or  pigment  cells  of  mesenchymal 
origin  which  occur  in  the  corium.  It  seems  probable  that  the 
epithelial  cells  of  the  epidermis  do  not  produce  the  pigment  them- 
selves, but  that  it  is  transferred  to  them  from  the  melanoblasts, 
the  only  cells  which  produce  this  pigment.  This  view  is  favored 
by  the  fact  that  the  cells  of  epidermoid  cancers,  even  in  a negro, 
never  produce  iiigment. 

Melanoblasts  occur  also  in  the  choroid  and  iris  and  in  the  pia, 
especially  over  the  medulla.  Abnormal  collections  of  them  often 
develoj)  in  the  skin  soon  after  birth,  and  are  known  as  pigment 
nevi.  hrom  the  melanolilasts  in  any  of  these  locations  inelano- 
blastomas  may  arise.  The  pigment  produced  liy  them  is  some- 
times so  aliundant  that  it  is  excreted  by  the  kidneys  and  apjiears 
in  the  urine. 

In  the  symptom  complex  known  as  Addison’s  disease  a lirown 
granular  pigment,  apparently  similar  in  nature  to  melanin,  is 
deposited  in  the  epithelial  cells  of  the  skin  and  in  the  mucous  mem- 
brane of  tlie  mouth.  It  is  ]irobably  produced  by  the  melanoblasts. 

2.  Lutein  is  a soluble  coloring  matter  found  in  fat-cells  and 
in  the  corpus  luteum.  It  occurs  in  fat  tissue,  in  li])omas  and  in 
the  collections  of  cells  to  which  the  name  xanthoma  has  been 
applied. 

The  nature  of  the  green  color  occurring  in  the  tumor  nodules 
of  myeloblastoma,  wliich  under  this  condition  is  called  chloroma  on 
account  of  its  color,  is  not  known.  It  fades  quickly  on  exjiosure 
to  air  but  can  be  restored,  temporarily  at  least,  liy  treatment 
vith  peroxide  of  hydrogen  and  also  with  other  chemical  reagents. 

3.  Lipochrome  is  a pigment  which,  with  advancing  age,  collects 
in  the  muscle-fibers  of  the  heart,  in  liver  cells,  in  the  zona  pig- 
mentosa of  the  adrenal,  in  certain  ganglion-cells,  in  the  smooth 
musck'-cells  of  the  intestine  and  seminal  vesicles,  and  often  abun- 
dantly in  the  epithelial  cells  of  the  same  vesicles.  This  jiigment 
reduces  osmium  tetraoxide  and  stains  with  Scharlach  II. 
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B.  Hemoglobinogenous  Pigments 

Hemoglobin  is  the  normal  coloring  matter  of  the  blood.  It 
is  manufactured  by  the  erythroblasts  and  remains  as  the  charac- 
teri.stic  feature  of  the  red  blood-corpuscles  after  disappearance  of 
the  nuclei.  It  contains  iron  but  does  not  give  the  iron  reactions, 
owing  to  close  chemical  union  with  other  substances.  Hemoglobin 
may  be  set  free  in  the  tissues  and  in  body  cavities  by  diffusion  or 
in  consequence  of  disintegration  of  the  red  blood-cor]mscles 
following  hemorrhage,  or  it  may  escajie  into  the  serum  of  the 
circulating  blood  (hemoglobinemia)  as  the  result  of  injury  to  the 
corjniscles  by  toxins.  If  it  escapes  into  the  serum  in  large  amount 
it  is  excreted  by  the  kidneys  (hemoglobinuria)  and  may  be  de- 
posited in  the  renal  tubules  as  brown  masses  and  color  the  papillae 
a dirty  brovmish  red  (hemoglobin  infarct). 

Hemoglobin  in  solution  is  precipitated  by  formaldehyd  in 
the  form  of  black  granules  which  often  collect  in  clumps.  This 
ingment  formation  is  common  in  tissues  which  have  been  placed 
some  hours  postmortem  or  after  removal  from  the  body  in  fixatives 
containing  formaldehyd.  The  pigment  is  an  artefact  and  must 
be  recognized  as  such. 

Hemogloliin  as  the  result  of  chemical  change  gives  rise  to  two 
pigments  known  as  hematoidin  and  hemosiderin. 

1.  Hematoidin  is  an  iron-free  pigment  occurring  as  granules 
and  cry.stals  which  vary  in  color  from  yellow  to  red.  It  arises 
from  hemoglobin  in  solution  and  does  not  owe  its  origin  like 
hemosiderin  to  vital  activity.  After  formation,  however,  henia- 
toidin  may  be  taken  up  by  endothelial  leukocytes. 

Feathery  yellow  crystals  of  hematoidin  arranged  in  radiate 
form  often  occur  in  infarcts  of  the  sjdeen,  especially  at  the  peri])h- 
ery  of  the  lesion,  and  are  frequently  within  endothelial  leukocytes 
and  foreign  body  giant-cells. 

2.  Hemosiderin  is  a collective  term  for  yellow  to  brown  j)ig- 
ments  which  are  derived  from  hemoglobin  and  give  the  iron 
reaction.  They  occur  as  granules  and  small  masses.  They  may 
ari.se  directly  from  hemoglobin  still  attached  to  red  blood-corpuscles 
or  from  hemoglobin  in  solution.  They  require  vital  activity  for 
their  formation.  Ordinarily  endothelial  leukocytes  transform 
red  blood-corpuscles  directly  into  hemosiderin,  and  they  can 
perform  the  same  function  for  hemoglobin  in  solution.  It  seems 
proliable,  however,  that  hemoglobin  in  solution  can  also  lie  trans- 
formed into  hemosiderin  by  vital  activity  without  being  taken  up 
by  cells,  probably  through  the  action  of  chemical  substances 
derived  from  the  cells. 

Hemosiderin  is  found  very  commonly  following  hemorrhage; 
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in  the  corpus  heinoiThagicuni  as  it  undergoes  repair;  in  the  lungs 
following  hemorrhages  as  the  result  of  chronic  passive  congestion; 
in  the  meninges  owing  to  chronic  internal  hemorrhagic  pachy- 
meningitis; in  the  brain  following  cerebral  hemorrhage.  In  all 
of  these  situations  the  hemosiderin  occurs  for  the  most  part  within 
endothelial  leukocytes.  In  the  lungs  these  leukocytes  are  usually 
knowm  as  heart  failure  cells.  If  they  contain  carbon,  as  they  often 
do,  the  hemosiderin  is  deposited  around  it. 

All  hemosiderin  is  very  gradually  decolorized  and  disintegrated 
by  the  leukocytes  containing  it  and  returned  in  some  other  form 
to  the  circulation. 


yig  51 —Blood  pigment  in  endothelial  leukocytes  in  spleen  following  typhoid 

fever. 

In  typhoid  fever  and  some  other  infectious  diseases  endo- 
thelial leukocytes,  filled  with  red  blood-corpuscles,  often  collect 
in  small  to  large  numbers  in  the  spleen  and  to  a less  extent  in  the 
bone  marrow,  and  gradually  transform  the  hemoglobin  into  hemo- 
siderin. 

When  hemoglobin  is  set  free  slowly  and  continuously  lor  a 
long  time  in  the  serum,  as  in  pernicious  anemia  and  m certain 
forms  of  chronic  poisoning,  the  epithelial  and  endothelial  cells  in 
many  organs — liver,  spleen,  lione  marrow,  kidneys,  heart,  pan- 
— t,ake  up  the  pigment  and  store  it  in  the  form  of  yellowish 
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brown  granules  which  may  be  readily  distinguished  from  any 
lipochrome  pigment  })resent  by  means  of  the  iron  reactions. 
When  the  hemosiderin  deposit  is  extensive  the  organs  may  appear 
of  a rusty  brown  color. 


Fig.  .')2. — Hemochromatosis.  Pigment  in  muscle-filiers  of  heart.  Fol- 
lowing necrosis  of  the  muscle-fibers  the  pigment  is  taken  up  by  endothelial 
leukocytes. 

In  a rare  symptom  complex  known  as  hemochromatosis,  l)c- 
cause  the  pigmentation  in  the  liver  and  some  other  organs  is  the 
mo.st  conspicuous  feature,  hemosiderin  is  formed  in  large  amounts 
and  is  found  in  various  cells,  such  as  the  ej)it helium  of  the  kidneys, 
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Fig.  53. — llornoohromatosi.s.  a ami  c,  Pigment  in  pancreas;  b.  pigment  in 

liver  cells. 
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liver  and  pancreas,  the  muscle-fibers  of  the  heart,  the  endothelial 
cells  of  various  organs,  but  most  abundantly  in  endothelial  leu- 
kocytes which  often  collect  in  great  numbers  in  the  liver  and  to  a 
less  extent  in  the  spleen,  lymph-nodes,  pancreas,  etc. 

The  hemosiderin  is  apparently  deposited  in  such  large  amounts 
in  some  of  the  parenchymatous  cells  of  the  heart,  pancreas  and 
especially  of  the  liver,  that  it  leads  to  their  destruction.  The 
pigment  set  free  in  this  way  by  necrosis  of  the  affected  cells 
attracts  endothelial  leukocytes.  As  a result  of  this  proce.ss  there 
often  occur  in  the  liver  extensive  lesions,  forming  one  tyjx'  of 
cirrhosis  with  increase  in  size,  owing  to  the  extensive  infiltration 
with  endothelial  leukocytes.  Similar  lesions,  but  on  a smaller 
scale,  occur  in  the  pancreas  (resulting  in  so-called  bronze  diabetes) 
and  in  the  heart. 

Pigmentation  is  of  common  occurrence  in  the  liver,  spleen  and 
bone  marrow  in  malaria.  The  pigment  occurs  in  endothelial 
cells  and  leukoc>d;es  and  is  of  two  sorts;  hemosiderin  derived 
from  hemoglobin  and  a black  })igment  of  unknovii  composition 
which  is  formed  in  some  way  in  the  red  corpuscles  by  the  activity 
of  the  malarial  oi’ganisms,  but  whether  from  hemoglobin  or  from 
other  substances  is  not  knovm. 

3.  Bile  Pigment. — Bilirubin,  the  coloring  matter  of  the  bile, 
is  chemically  identical  with  hematoidin.  It  is  a product  of  the 
liver  cells,  being  formed  b}^  them  from  hemoglobin. 

Bile  sometimes  escapes  into  the  circulation  either  as  the  result 
of  bile  stasis  or  in  conseciuence  of  necrosis  of  liver  cells,  and  diffuses 
into  the  organs  and  tissues,  staining  them  a yellow  to  green  color. 
The  resulting  condition  is  known  clinically  as  icterus  or  jaundice. 

Bile  stasis  is  caused  throughout  the  liver  l)y  obstruction  of  the 
bile  duct  or  the  common  duct,  usually  by  gall-stone  or  tumor,  or 
locally  by  obstruction  of  the  smaller  bile  vessels  by  infiammatory 
exudation,  by  sclerosis,  or  b}^  ]-)ressure  from  an  infiltrating  tumor. 
Bile  stasis  results  in  dilatation  of  the  bile  ca])illaries,  most  marked 
around  the  hepatic  vein  in  each  lobule.  The  bile  often  breaks 
through  the  wall  of  liver  cells  and  escapes  into  the  lyin])h-space 
between  the  cells  and  the  walls  of  the  sinusoids.  Here  the  in- 
spissated masses  are  incorporated  and  gradually  digested  l)y  entlo- 
thelial  leukocytes.  The  fluid  bile  apparently  ]:>asses  directly  into 
the  circulation  through  the  endothelium  lining  the  sinusoids  and 
is  carried  all  over  the  body.  It  stains  nearly  all  tissues  yellow. 
If  the  icterus  is  ])ersistent  the  color  may  turn  to  green. 

When  the  liver  is  severely  injured  by  toxic  and  infectious  jiroc- 
esses  (phos]fliorus  poisoning,  acute  yellow  atrophy,  sepsis)  bile 
e.scapes  into  the  circulation.  This  is  due  in  some  instances  at 
least  to  necrosis  and  di.ssolution  of  the  liver  cells  allowing  the  bile 
to  escape  from  the  bile  capillaries. 
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Icterus  is  always  of  hepatoo-enous  origin.  This  is  shown  by 
the  constant  presence  in  the  lilood  of  bile  acids,  which  can  arise 
only  in  the  liver.  Enough  heinatoidin  (chemically  identical  with 
bilirubin)  is  never  set  free  by  diffusion  from  hemorrhage,  or  liy 
breaking  down  of  the  corpuscles  within  the  circulation  to  cause 
icterus. 

Bile  pigment  usually  diffuses  and  simply  stains  most  cells  and 
intercellular  substances,  but  the  central  nervous  system  is  never 
colored  in  the  adult  and  rarely  in  children.  Necrotic  tissue, 
on  the  other  hand,  is  readily  stained  as  shown  1)}^  the  classical 
exam]iles,  the  sloughs  in  the  intestine  in  typhoid  fever  and  the 
caseous  tuliercles  involving  the  l)ile  ducts  in  the  liver. 

Sometimes  the  bile  pigment  is  deposited  in  granules  which 
are  usually  yellowish  Init  may  be  greenish  if  old.  They  occur 
most  commonly  in  the  liver  cells,  in  the  endothelial  cells  lining 
sinusoids  and  capillaries,  in  renal  epithelium,  etc.  The  pigment 
itself  does  not  seem  to  be  injurious  to  cells,  but  the  accompanying- 
invisible  bile  acids  and  other  substances  may  do  damage. 

Bile  jiigment  is  very  rarely  found  in  crystalline  form  in  the 
adult  as  a result  of  postmortem  changes;  in  the  macerated  fetus 
its  occurrence  is  more  common. 

C.  Exogenous  Pigments 

Several  pigments  which  frequently  or  occasionally  occur  in 
the  body  are  derived  from  outside  sources,  for  example,  carbon 
and  lead.  They  may  be  taken  into  the  body  in  granular  form 
as  ])igments  (carbon),  or  lie  formed  after  ingestion  from  color- 
less compounds  in  solution  (nitrate  of  silver).  The  most  com- 
mon pigments  of  extraneous  origin  are  carbon  and  the  various 
colors  used  in  tatooing;  of  rarer  occurrence  but  greater  clinical 
interest  are  lead  and  silver. 

1.  Carbon  enters  the  body  through  the  respirator}^  tract.  It 
often  collects  in  consideralile  ciuantities  in  the  alveoli  of  the  lung, 
where  it  appears  as  greenish  black  to  black  granules.  Much  of  it 
is  expectorated.  The  rest  of  it  is  slowly  taken  up  by  endothelial 
leukocytes,  which  migrate  with  it  into  the  lyrnjih-sjiaces  in  the 
walls  of  the  alveoli,  which,  in  consequence,  may  be  much  thickened. 
Many  of  the  leukocytes  filled  with  carbon  collect  in  tlu'  lym]ihatics 
around  the  blood-vessels  and  bronchi.  Still  others  are  carried 
by  the  lymph  to  the  piTibronchial  lym]ih-nodes  where  they  infil- 
trate the  lymphoid  tissue  and  lead  to  its  disa])p(‘arance.  Oc- 
casionally they  are  transported  to  the  s])leen  or  liver.  \'ery  rarely 
carbon  gets  into  tlu;  circulation  inconsiderable  quantities  through 
some  infectious  process  which  causes  softening  of  lung  or  lymph- 
node  tissue  containing  carbon;  the  softened  focus  may  rupture 
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into  a blood-vessel  or  the  thoracic  duct.  Carbon  may  then  be 
carried  in  considerable  quantities  to  the  spleen,  liver  and  bone 

marrow  and  there  be  deposited, 

If  hemoglobin  is  taken  up  l)y  leukocytes  already  containing 
carbon,  it  is  transformed  and  deposited  as  hemosiderin  around 
the  carbon. 

Carbon  in  the  tissues  is  indestructible.  It  persists  indefinitely 
in  the  endothelial  leukocytes  unless  involved  in  a tuberculous  or 
other  infectious  lesion  which  causes  destruction  of  the  cells.  After 
repair  of  the  lesion  the  carbon  may  be  found  in  scattered  granules 
in  the  scar  tissue  instead  of  in  the  masses  due  to  its  collection  within 
leukocytes. 

2.  \'arious  pigments  (vermilion,  charcoal,  etc.)  are  introduced 
into  the  skin  in  the  process  of  tatooing.  Some  of  them  are  carried 
to  the  adjoining  lymph-nodes  where  they  remain  stored  in  endo- 
thelial leukocytes  in  the  same  way  that  carbon  does.  The  rest 
of  them  ]>ersist  in  the  corium. 

3.  Lead  in  the  form  of  solulde  salts  is  often  taken  into  the  body 
I)y  men  working  in  certain  trades,  painting  for  example.  It  is 
sometimes  deposited  as  brovmish  black  granules  of  lead  sulphid 
in  the  subeihthelial  tissue  of  the  gums,  owing  to  chemical  action 
following  lack  of  cleanliness  of  teeth  and  mouth. 

4.  Silver  under  rare  conditions  is  precipitated  in  certain  tissues 
and  causes  a brownish  discoloration  of  the  skin  knovm  as  argyria. 
The  condition  follows  the  long-continued  ingestion  of  silver  salts, 
usually  the  nitrate,  as  a medicament.  The  silver  is  precipitated 
from  its  solution  l)y  certain  cells,  es]:)ecially  the  fibroblasts  in  the 
medulla  of  the  kidney  anti  by  the  smooth  muscle-cells  connected 
with  the  hairs  and  around  the  coil  glands  in  the  skin. 

In  one  instance  where  nnich  colargol  was  injected  into  the 
substance  of  a kidney,  on  the  supposition  that  a cyst  was  iwesent, 
silver  was  found  i:>recipitated  mtjst  extensively  in  brown  and 
black  granules  in  multiple  foci  throughout  the  organ. 

PETRIFACTION 

Petrifaction  is  a general  term  applied  to  the  deposit  of  certain 
solid,  crystalline,  granular  or  amorphous  salts  in  the  tissues, 
vessels  and  cavities  of  the  body.  The  deposit  may  consist  of 
lime  salts,  uric  acid  salts,  bile  pigments,  or  cholesterin  crystals. 

Lime  Salts 

Two  different  terms  are  applied  to  depositions  of  lime  salts 
according  as  the  salts  are  in  relation  to  bone  cells  or  to  other  cells 
and  substances. 

1.  Ossification. — Lime  salts  in  the  forms  chiefly  of  phosphate 
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anti  carbonate  of  lime  are  iiresent  in  all  normal  tissues  and  fluids. 
I nder  ordinary  conditions  they  are  attracted  and  dejiosited  in 
granular  form  only  in  the  homogeneous  ground  substance,  osseo- 
mucin,  ol  bone.  This  is  termed  ossification.  The  lime  is  deposited 
around  living  cells,  the  bone  cells,  whose  function  it  is  to  protect 
and  care  for  the  intercellular  sulistances  and  tlie  lime  deposited 
in  them.  The  same  deiiosition  of  lime  salts  takes  place  also  in  the 
osteoid  substance  of  the  callus  formed  in  the  repair  of  injuries  of 
bone  and  in  the  tumors  arising  from  osteal  fibrolilasts  (osteoma, 
etc.). 

2.  Calcification.  — I nder  jiathologic  conditions  other  sub- 
stances than  osseomucin  may  attract  lime  salts.  Thus  with 
advancing  age  they  are  frequently  deposited  in  chondromucin, 
the  ground  substance  of  cartilage.  It  maj^  almost  lie  regarded 

as  a jiliysiologic  process. 
Here,  although  the  cells  are 
living,  the  process  is  called  cal- 
cification liecause  the  caidilage 
cells  are  not  transformed  into 
bone  cells.  In  a similar  way, 
but  less  often,  lime  salts  may 
be  deposited  in  the  intercellu- 
lar substance  of  connective 
ti.ssue  especially  if  hyaline 
(blood-vessels,  kidneys). 

The  lime  salts  dejiosited  in 
calcification  are  in  about  the 
same  ]iro]iortion  as  in  normal 
bone;  and  that  is  about  the 
same  as  the  normal  ]irojiortion 
in  the  body  fluids,  namely, 
calcium  ])hosphate  over  80  jier  cent.,  while  the  rest  consists  of 
chlorids,  carbonates,  fluorids  and  sulphates  of  calcium,  sodium, 
potassium  and  magne.sium. 

Freciuently  substances  not  connected  with  living  cells  attract 
lime  salts;  to  this  condition  the  term  calcification  is  also  ajqilied. 
Thus  necrotic  ganglion-cells  in  the  lirain,  necrotic  smooth  muscle- 
cells  in  the  aorta  and  arteries  and  necrotic  tissue  anywhere  may 
become  calcified.  A classical  exani])le  is  the  litho])edion  due  to 
the  deposition  of  lime  salts  in  a dead  fetus  carried  for  years  in  the 
abdominal  cavity.  C'alcification  is  common  in  the  caseous 
material  of  old  tuberculous  lesions,  in  necrotic  retained  placentas 
and  es[)ccially  pi'rhaps  in  necrotic  portions  of  tumors  (leiomyomas). 

Time  salts  are  very  commonly  depo.sited  in  various  honio- 
geneous  substances,  the  j)roducts  of  secretion  and  degeneration;. 


Fig.  .54. — Calcified  ganglion-cells  in 
brain. 


rp:trograde  processes 
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thus  in  concretions  in  the  jn-ostate,  in  the  i)ineal  gland,  in  the 
choroid  plexus,  in  hyaline  vessels  of  the  brain,  in  casts  in  the  renal 
tubules,  in  dural  endotheliomas,  in  so-called  ])saminonias  of  various 
origins.  If  the  lime  salts  are  dissolved  out  by  means  of  nitric 


Fig.  .55. — Calcified  corpora  amylacea  in  pineal  gland. 


acid  the  homogeneous  base  in  which  they  were  deposit(‘d  is  easily 
rendered  visible. 

hdbrin  or  substances  in  it  frequently  attract  lime  salts;  the 
commonest  examples  occur  in  old  fibrinous  deposits  in  the  pleural 


lig.  .')(■). — Calcified  hyaline  capillarie.s  and  corpora  amylacea  in  cerelxdluin. 


cavity,  in  thrombi  in  veins  (phleboliths),  in  hemorrhages  (eye- 
ball), in  endocarditis. 

Fat  products  seem  unquestionably  to  ])lay  .some  part  in  the 
deposition  of  lime  salts.  The  aorta  and  other  blood -ve.s.sels  afford 
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yijr.  57. — Gout.  Granulation  tissue  containing  masses  of  hiurate  of  sodium 
crystals  and  also  numerous  giant-cells.  M. 


Fig.  58.— Gout.  Tophi  in  ear.  0. 


RETROGRADE  PROCESSES 
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nuniprous  examples.  For  this  reason  probabl}^  caseation  often 
attracts  lime-salts,  while  gummas  and  infarctions  rarely  do.  Lime  is 
also  very  commonly  deposited  in  the  capsules  of  encysted  trichinae. 


Fig.  (to. — Gout.  Tophi  in  sul)outanoouf!  ti.ssuc  of  hands.  O. 


The  ordinary  fil^roblast  is  apparently  incaj)al)le  of  ))roducing 
osseomucin,  attracting  lime  salts  and  converting  itself  into  a bone 
cell.  But  if  free  lime  .salts  are  deposited  in  its  immediate  territory 
they  have  the  property  of  stimulating  that  fibrol)last  so  that  it 
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grows  into  a true  bone  cell.  This  is  what  regularly  happens  to 
the  fil)rol)lasts  which  organize  the  fibrin  clue  to  a hemorrhage  into 
the  eyeball.  The  same  transformation  of  an  orcljmary  filiroblast 
into  a bone  cell  is  of  common  occurrence  in  blood-vessels  and  also 
happens  elsewhere,  as  in  a glioma  of  the  brain  for  instance. 


Uric  Acid  and  its  Salts 


Under  normal  conditions  urates  are  present  in  solution  in  the 
circulation  and  by  excretion  through  the  kidneys  are  kept  below 
any  injurious  jiercentage  in  the  blood. 

In  new-born  infants  dying  within  the  first  few  days  or  weeks 


after  birth  it  is  common  to  find 


Fig.  01.  — Gout.  Endotholial 
leukocytes  and  giant-cells  adjoining 
biurate  of  sodium  crystals. 


tissues  as  biuratc'  of  sodium  in 
needle-shapcHl  crystals  which  olt 


t41ow  to  yellowish-red  streaks  in 
the  paiiillae  of  the  pyramids. 
They  are  due  to  a precipitate  of 
uric  acid  and  ammonium  urate 
crystals  in  the  tubules.  Micro- 
scojfically  these  salts  appear  in 
the  form  of  fine  and  coarse  cr^^s- 
talline  masses.  Evidently  they 
are  due  to  a jtrecipitation  from 
the  urine  during  its  excretion. 
The  appearances  above  de- 
scribed are  calk'd  uric  acid 
infarcts,  but  are  neither  the 
cause  nor  the  result  of  local 
injury.  Probably  they  are  due 
to  altered  metabolism  and  a 
concentrated  urine. 

Under  abnormal  conditions 
uric  acid  and  its  salts  may  ac- 
cumulate in  the  circulation  be- 
yond the  normal  amount.  In 
the  ])athologic  condition  known 
as  gout  they  are  deposited  in  the 
the  form  of  bundles  of  delicate 
(>n  coalesce  into  solid,  mortar-like 


nodules  known  as  tophi. 

The  biurate  of  sodium  crystals  are  deposited  most  frecpiently 
in  the  lobe  of  the  ('ar,  in  the  cartilages  and  capsules  of  joints  and 
in  the  surrounding  connective  tissue,  but  they  may  occin  any- 
where in  the  subcutaneous  tissue.  They  act  as  an  injurious 
agent,  whose  effect  is  probably  mechanical,  and  cause  necrosis  and 
acute  inflammatory  reaction.  In  the  granulation  tissue  formed 
around  the  crystals  foreign  body  giant-cells  are  usually  numerous. 

The  cause  of  the  deposit  of  the  biurate  of  sodium  crystals  is 

not  definitely  known. 
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Pathologic  Cornification 

The  cells  of  the  epidermis  pass  through  certain  characteristic 
changes  liefore  they  become  cornified.  They  develop  epithelial 
fibrils  and  kerato-hyalin  and  eleidin  granules  and,  finally,  are 
transformed  into  the  keratin  of  the  cornified  la}'er.  These  same 
characteristics  are  jiresent  under  pathologic  conditions  and 
frequently  one  or  another  of  them  is  magnified.  Thus  cornifica- 
tion may  be  increased  in  hyjierkeratosis  and  ichthyosis.  In  psoriasis 
it  is  said  to  be  diminishetl. 

Cornification  may  occur  in  situations  where  it  does  not  appear 
under  normal  conditions,  as  on  the  tongue  (hairy  tongue),  in  the 
vagina,  e.sophagus,  urinary  bladder,  pelvis  of  kidney,  gall-bladder, 
bile  ducts,  usually  as  the  result  of  chronic  irritation  of  some  sort 
or  other  causing  change  in  the  type  of  growth  of  the  cells  (meta- 
plasia) . 

Occasionally  in  the  middle  ear  cornified  e])ithelium  is  found 
accumulated  in  a mass  completely  filling  the  cavity.  Similar 
masses  .sometimes  of  large  size  occur  not  infrequently  in  simple 
or  multiple  form  in  connection  with  the  central  nervous  system, 
usually  in  the  meninges,  and  are  known  as  chole.steatomas.  Thev 
are  abnormalities  due  to  desquamation  and  accumulation  of  dead 
cornified  epithelial  cells  over  the  surface  of  chmi])s  of  e]ndermal 
cells  displaced  from  their  normal  surroundings  at  the  time  of  the 
formation  of  the  neural  canal.  The  material  of  similar  apjiear- 
ance  in  the  middle  ear  may  be  of  similar  origin  or  due  to  meta- 
plasia of  the  lining  epithelium. 

Cornification  is  common  in  ejfidermoid  carcinomas  and  is 
sometimes  very  conspicuous,  even  when  this  tyjie  of  tumor  arises 
in  a location  where  normally  no  epidermis  exists. 


SPECIAL  INJURIOUS  AGENTS  AND  THE  LESIONS  THEY 

PRODUCE 

STAPHYLOCOCCUS  PYOGENES  AUREUS 

Of  the  several  varieties  of  pathogenic  staphylococci  the  aureus, 
from  the  pathologic  point  of  view,  is  lyy  far  the  most  important 
and  is  the  only  one  which  will  l)e  considered  here.  What  is  said 
of  it  in  the  following  ])ages  is  a])])lical)le,  however,  although  in  a 
decidedly  minor  degree,  to  the  albus  and  citreus. 

The  sta])hylococcus  aureus  causes  a great  variety  of  lesions 
no  one  of  which,  however,  is  produced  by  this  organism  alone  and 
is,  therefore,  pathognomonic  of  it.  On  this  account  the  lesions  due 
to  the  aureus  ai'C  generally  classified  from  the  anatomic  point  of 
view  as  abscess,  suppuration,  osteomyelitis,  etc.,  with  the  name 
of  the  active  agent  sometimes  added,  as  aureus  al)scess.  Two 
of  the  lesions,  however,  are  produced  so  much  more  commonly 
by  the  aureus  than  by  any  other  organism  that  they  are  regarded 
as  fairly  peculiar  to  this  bacterium,  namely,  furunculosis  and 
osteomyelitis. 

The  aureus  varies  greatly  in  the  pathologic  effects  which  it 
produces  owing  to  great  differences  in  the  virulence  of  the  organ- 
isms coming  from  different  sources,  and  in  the  susceptibility  of  the 
host.  Both  of  these  variable  factors  must  be  ke]’)t  in  mind. 

The  lesions  are  usually  acute  but  may  be  chronic  and  are,  as  a 
rule,  sharply  circumscribed. 

Micro-organism. — The  aureus  tends  to  grow  in  a compact 
clump  or  colony  wherever  it  lodges  in  solid  tissue  as  in  the  kidney. 
I.ater,  after  solution  of  the  surrounding  tissue  has  occurred,  the 
organisms  are  dispersed  more  or  less  evenly  in  the  ])us,  ])robably 
largely  as  a result  of  the  ameboid  movements  of  the  leukocytes. 
In  loose  tissue  such  as  the  meninges  and  in  the  alveoli  of  the  lung 
the  cocci  ar(‘  usually  scattered  in  tlu'  exudation  more  or  less  uni- 
formly from  the  first.  In  acute  endocarditis  due  to  the  aureus,  the 
organisms  grow  in  larger  solid  masses  on  the  surface  of  the  valve, 
just  as  on  a culture-medium  in  a test-tube. 

ddu;  aureus  is  easily  rendered  ])rominent  in  the  lesions  which 
it  causes  by  rn('ans  of  the  (Iram-Weigert  staining  method. 

Toxin. — The  staphylococcus  aureus  i)roduces  a strong  toxin 
which  acts  chiefly  locally  and  possesses  a])])arently  only  moderate 
diffusibility.  A certain  amount  is  absorlx'd  l)y  the  surrounding 
lyrni)hatics  and  carried  to  neighboring  lymph-nodes  where  it 
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causes  cellular  hyperplasia.  There  is  little  or  no  evidence  of  the 
elimination  of  any  toxin  through  the  kidne.ys;  at  least  no  in- 
flammatory changes  are  produced  there,  such  as  so  often  occur  as 
the  result  of  infection  with  the  strejitococcus  pyogenes  or  the 
pneumococcus.  (Jn  the  other  hand,  central  necrosis  of  the  liver 
lobules  occurs  occasionally  and  may  be  directly  due  to  the  toxin. 

Besides  toxin  the  aureus  produces  one  or  more  h'rment-like 
substances  which  exert  a .solvent  action  on  certain  bodies,  such  as 
gelatin  and  perhajis  fibrin. 

Injury. — The  characteristic  injury  produced  by  the  toxin  of 
the  staphylococcus  aureus  is  necrosis  which  ordinaril}^  occurs 
quickly  for  a definite  area  surrounding  the  organisms  and  spreads 
lieripherally  if  the  micrococci  continue  to  develop.  The  produc- 
tion of  necrosis  is  best  studied  in  solid  organs  such  as  the  kidney, 
where  the  toxin  from  the  organisms  has  little  opportunity  to 
diffuse.  In  loose-meshed  tissues  such  as  the  meninges  and  when 
the  cocci  are  within  the  alveoli  of  the  lung  the  toxin  may  be  so 
quickly  diluted  liy  an  abundant  exudation  of  serum  that  necrosis 
may  be  lacking. 

Reaction. — The  injury  and  reaction  caused  by  the  stajihyl- 
ococcus  aureus  can  best  be  studied  by  injecting  suspensions  of 
the  cocci  into  the  ear  veins  of  rabbits  and,  iater,  fixing  the  tissues, 
especially  the  kidneys  and  heart,  at  various  intervals  of  time  from 
six  to  forty-eight  hours.  The  organism  must  be  one  of  just  the 
right  degree  of  virulence,  which  can  be  ascertained  onl,y  by  trial, 
or  the  animals  may  be  quickly  killed  as  the  result  of  toxemia,  or 
septic  infarcts  l>e  produced  instead  of  miliary  lesions.  Occasion- 
ally similar  early  lesions  can  be  obtained  in  man  as  the  result  of  an 
aureus  sejiticemia. 

Early  lesions,  of  twelve  to  eighteen  hours’  duration,  show  in 
the  kidney  only  a clump  of  cocci  surrounded  l),y  a zone  of  necrosis. 
The  toxin  and  the  necrosis  soon  induce,  however,  an  abundant 
exudation  of  polymorijhonuclear  leukocytes  and  more  or  less 
serum  from  the  surrounding  blood-vessels.  As  a rule,  little  fibrin 
is  formed  and  that  soon  disajijiears,  dissolved,  jierhaps,  by  sub- 
stances eliminated  by  the  organisms.  Under  the  action  of  the 
leukocytes  the  necrotic  tissue  is  digested  and  softened  so  that 
an  absce.ss  is  formed.  In  cellular  organs  like  the  kidney  this 
process  of  abscess-formation  requires  but  twenty-four  to  forty- 
eight  hours.  In  tough  fibrous  tissues  like  the  skin  it  often  re- 
quires seven  to  ten  days  or  more  to  liquety  the  dense  and  tough 
masses  of  collagen  and  elastic  fibrils  of  the  coriuni,  so  as  to  form 
pus  which  may  lie  discharged  through  an  o])ening  in  the  skin, 
lollowing  necrosis  of  bone  it  may  require  months  or  3Tars  to  soften 
down  the  necrotic  bone  (sequestrum)  formed. 


128 


PATH  OLOGIC  1 1 1 STOLOG Y 


]\Iany  of  the  leukocytes  attracted  by  the  aureus  toxin  are 
destroyed  in  tlie  same  way  that  the  tissue  cells  are. 

As  soon  as  the  necrotic  tissue  is  liciuefied  the  ameboid  move- 
ments of  the  leukocytes  tend  to  break  iij)  the  colony  arrangement 
of  the  micrococci,  which  (luickly  become  dis])ersed  among  the 
leukocytes  and  to  some  extent  incorporated  in  them. 

The  tendency  of  focal  lesions  is  to  extend  peri])herally  until 
the  contents  of  the  abscess  are  discharged  externally  or  into  some 
natural  cavity.  In  some  tissues,  however,  such  as  muscle,  the 
necrosis  and  inflammatory  reaction  often  spread  ra])idly  and  ex- 
tensively along  the  lines  of  least  resistance,  so  that  the  result  is  a 
diffuse  suppurative  i)rocess. 


Fig.  62. — Staphylococcn.s  pyogenes  aureus  in  absce.ss  in  muscle. 

Termination  of  Lesion. — The  body  shows  considerable  ability 
to  counteract,  by  means  of  the  production  of  an  antitoxin,  the 
toxins  secreted  by  the  staphylococcus  aureus  and  to  destroy  the 
organism.  It  is  greatly  aided  in  the  process  of  repair  by  the 
tendency  of  the  lesion  to  remain  focal  and  of  the  necrotic  tissue 
to  undergo  complete  solution,  because  the  ]wocess  frequently 
extends  to  a surface  or  natural  cavity,  and  the  pus  with  most  of 
the  organisms  contained  in  it  is  discharged;  the  cocci  remaining 
behind  are  easily  destroyed. 

As  soon  as  necrosis  c('as(‘s  to  extend  peripherally  the  surrounding 
fibroblasts  and  capillary  ('ndothelium  rapidly  start  r('generating 
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and  soon  form  a wall  of  granulation  tissue  which  on  account  of  its 
better  vascularization  is  more  resistant  than  normal  tissue  to  the 
action  of  the  organisms  and  tends  to  prevent  their  further  extension. 
After  the  discharge  of  the  contents  of  an  abscess  the  inflammatory 
edema  of  the  adjoining  tissues  quickly  subsides,  the  connective 
tissue  contracts,  and  the  contracted  abscess  cavity  is  soon  filled  with 
granulation  tissue  which  in  time  changes  to  a small  amount  of  scar 
tissue. 

Special  Forms  of  Lesions. — The  most  common  primary  lesions 
caused  by  the  staphylococcus  aureus  are  the  following:  furuncle 
and  carbuncle;  bronchopneumonia  and  abscess  of  the  lung; 
abscess  of  tonsil;  infection  of  wounds  of  all  sorts. 

The  commonest  secondary  lesions  are:  septicemia  from  which 
multiple  abscesses  of  the  kidneys,  heart,  muscles,  etc.,  are  likely 
to  follow;  lymphangitis  and  abscesses  of  the  lymph-nodes;  osteo- 
myelitis. The  primary  focus  from  which  the  secondary  lesions 
arise  is  often  not  recognized.  This  is  especially  true  of  osteomye- 
litis. 

Furuncle  and  Carbuncle.— Infection  of  the  intact  skin  by  the 
staphylococcus  aureus  often  takes  place  by  direct  invasion  and 
growth  in  a hair  follicle  or  sebaceous  gland.  The  toxins  secreted 
cause  necrosis  of  the  epithelial  cells  and  an  inflammatory  exuda- 
tion. The  organisms  soon  extend  to  the  corium  and  cause  more 
or  less  necrosis  which  is  followed  by  a marked  inflammatory 
exudation  and  much  congestion  and  edema.  Softening  of  the 
tough  fibrous  tissue  of  the  corium  usually  requires  from  seven  to 
ten  days  before  it  can  be  discharged  in  the  pus  through  an  opening 
in  the  skin  at  the  original  site  of  infection.  Such  a lesion  as  this 
is  called  a furuncle.  If  the  infection  in  the  corium  is  extensive 
and  spreads  laterally  it  is  likely  to  reach  the  surface  at  a number  of 
points  by  extending  up  through  the  fat  columns.  Such  a lesion 
discharging  pus  at  a numlier  of  separate  openings  in  the  skin  is 
called  a carbuncle.  It  sometimes  reaches  a diameter  of  ten  centi- 
meters and  over. 

Lesions  corresponding  in  everj^  way  to  the  furuncle  may  be 
caused  by  infection  of  a wound  of  the  skin  such  as  a scratch,  cut 
or  prick. 

The  organisms  discharged  from  a furuncle  are  very  likely  to 
be  fleposited  elsewhere  on  the  body,  infect  other  hair  folhclcs  and 
cause  new  lesions.  On  this  account  furuncles  are  likely  to  follow 
one  another  and  to  be  multiple.  In  fact  it  is  often  very  difficult 
when  a furuncle  exists  to  iirevent  others  from  forming.  Hence 
the  very  prevalent  idea  that  the  blood  must  be  “out  of  order.” 

Following  the  discharge  of  pus  spontaneously  or  as  the  result 
of  an  incision  the  swelling  of  a furuncle  quickly  subsides,  the 
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walls  of  the  cavity  collapse  and  the  wound  quickly  heals,  especially 
if  the  pus  was  discharged  sj^ontaneously.  An  incision  hastens 
the  discharge  of  pus  and  relieves  the  tension,  but  delays  the 
healing  of  the  wound.  Nature’s  opening  is  often  preferable. 

Osteomyelitis. — Another  very  characteristic  lesion  produced 
by  the  staphylococcus  aureus  is  osteomyelitis.  Infection  occurs 


Pig.  53. — Pour  separate  fields  from  furuncle  produced  by  staphylococcus 

pyogenes  aureus. 


by  way  of  the  circulation  and  causes  necrosis  of  the  lione  marrow 
and  particularly  of  the  bone  tissue.  Suppuration  occurs  as  in 
other  lesions,  but  the  bone  is  exceedingly  difficult  to  .soften  down. 
It  persists  as  a foreign  body  which  must  be  got  rid  of  and  nature’s 
powers  of  handling  it,  although  persistent,  are  very  limited. 
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iMontlis  and  A'cars  may  be  spent  on  the  operation  and  then  jirove 
ineffective. 

The  necrotic  lione  is  called  a sequestrum.  The  process  of 
repair  surrounds  it  with  granulation  tissue.  It  also  forms  new 
bone  from  the  endosteum  or  periosteum,  according  to  the  location 
of  the  sequestrum,  to  strengthen  the  living  bone  tissue  left.  If  a 
whole  shaft  is  necrotic  a new  shell  of  bone,  called  involucrum,  is 
formed  around  it  by  the  periosteum.  If  b}^  a surgical  operation 
this  involucrum  or  the  periosteum  alone  is  stripped  back  and  the 
sequestrum  is  removed  the  periosteum  will  form  an  entire  new 
shaft. 

Septicemia. — The  staph3dococcus  aureus  is  more  likel.v  to 
spread  by  the  blood  than  by  the  lymph-vessels.  It  frequently 
gains  entrance  to  the  circulation  from  some  focal  lesion  and  usually 
causes  multiple  abscesses  in  the  kidneys  and  heart,  less  often  in 
the  muscles,  lungs,  bone  marrow  and  spleen.  Sometimes  it  gives 
rise  to  other  lesions  such  as  endocarditis,  meningitis,  etc. 

Under  certain  conditions  the  organism  becomes  attenuated 
and  persists  in  the  blood  for  a long  time,  for  months  at  an^"  rate, 
as  shown  b}^  repeated  blood  cultures.  The  patient  may  finally 
recover  and  return  to  a perfectly  normal  condition. 

STREPTOCOCCUS  PYOGENES 

The  streptococcus  pjmgenes  is  one  of  the  most  common  and 
important  of  the  organisms  which  infect  the  human  bod.y.  It 
causes  a great  variety  of  lesions  of  which  ervsijielas  is  the 
onl>'  one  wholl>'  peculiar  to  it.  Its  virulence  varies  within  very 
wide  limits,  as  a result  of  which  numerous  attemjits  have  lieen 
made  to  distinguish  several  different  strains  of  the  organism. 
Occasionally  ver\'  virulent  strains  arise  and  mav  do  great  harm, 
especially  if  they  happen  to  be  spread  broadcast  in  milk,  as 
has  sometimes  happened. 

The  streptococcus  is  verv  commonh^  present  in  nature  and  on 
this  account  is  a frequent  secondary'  invader,  when  the  bod}^  is 
weakened  by  infection  with  some  other  organism,  as  in  diphtheria, 
scarlet-fever,  and  small-pox  for  example. 

Septicemia  is  of  frequent  occurrence  and  is  often  followed  by 
endocarditis  and  b^'  infection  of  multiple  joints. 

The  elimination  of  the  toxin  from  the  body  is  a common  cause 
of  lesions,  especially  of  the  glomerular  type,  in  the  kidneju 

Central  necrosis  of  the  lobules  of  the  liver  is  due  to  the  toxin 
of  the  streptococcus  pyogenes  more  often  than  to  that  of  an}'  other 
organism. 

Micro-organism. — The  streptococcus  is  usually  fairly  abundant 
in  the  lesions  which  it  causes  and  is  sometimes  very  numerous. 


132 


PATHOLOGIC  HISTOLOGY 


It  ii]ipears  in  the  form  of  chains,  occasionally  of  great  length, 
which  run  in  various  directions  and  which,  when  within  lymphatics 
or  small  blood-vessels,  may  more  or  less  completely  fill  the  liimina. 
In  streptococcus  septicemia  chains  of  the  organism  are  often 
found  in  the  vessels  of  the  liver  and  spleen.  Sometimes  they 
occlude  the  ca])illaries  in  the  giomeriilar  tufts  of  the  kidneys. 

In  endocarditis  they  are  often  so  numerous  as  to  form  solid 
masses  on  the  surface  of  the  valves,  and  occasionally  in  small-pox 
they  are  present  in  great  numbers  in  the  coriuin,  with  little  or  no 
inflammatory  reaction  around  them. 

By  the  Gram-Weigert  staining  method  the  streptococcus  is 
readily  and  strildngly  demonstrated  in  the  lesions  which  it  causes. 
As  the  organism  may  multi]rly  to  some  extent  ]:)Ostmortem  it  is 
not  always  possible  to  say  just  how  abundant  it  was  in  the  tissues 
before  death. 

Toxin. — The  toxin  secreted  by  the  streptococcus  is  fairly 
strong  and  calls  out  a well-marked  inflammatory  reaction.  The 
toxin  is  also  quite  diffusible;  hence  local  necrosis  and  abscess 
formation  are  not  of  so  common  occurrence  as  with  the  staphyl- 
ococcus aureus,  and  lironchopneumonia  due  to  the  streptococcus 
does  not  ordinarily  terminate  in  aliscess  formation.  The  toxin 
is  freely  alisorbed  along  the  lymphatics  and  usuall}^  causes  marked 
swelling  of  the  regional  lymph-nodes,  due  largely  to  h3'peri)lasia 
of  the  lymphocytes. 

The  stre]:)tococcus  toxin  is  readily  taken  up  l)y  the  circulating 
blood  and  may  cause  necrosis  of  liver  cells,  hyperjilasia  of  the 
endothelial  cells  in  the  lymph-nodules  of  the  spleen  and  other  organs 
and,  b}^  elimination  through  the  kidney,  acute  nephritis  usually 
of  the  glomerular  type. 

Occasionally  the  stre]ffococcus  is  very  virulent  and  its  toxin 
strong  so  that  extensive  necrosis,  especially  of  muscle  tissue,  is 
produced,  and  death  occurs  so  quickly  that  little  inflammatory 
exudation  is  called  out. 

Injury. — As  a rule  the  streptococcus  does  not  produce  extensive 
necrosis  with  solution  of  the  tissue  and  abscess  formation  as  the 
aureus  does.  In  the  characteristic  lesion,  erysipelas,  there  is 
little  or  none,  only  inflammatory  exudation.  On  the  other  hand, 
in  the  severer  lesion  known  as  phelgmon  extensive  sloughing  may 
occur;  and  as  already  mentioned  streptococcus  infection  of  muscle 
may  cause  necrosis  often  combined  with  hemorrhage. 

The  lesions  due  to  the  stre]:itococcus  are  usually  not  sharply 
circumscribed;  they  tend  to  spread  owing  to  the  readiness  with 
which  the  organisms  invade  the  lymphatics  and  extend  along  them, 
causing  a lymphangitis. 

Reaction. — The  inflammatory  reaction  to  the  streptococcus 
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consists  of  an  exudation  of  serum  and  jiolymorjilionuclear  leuko- 
cytes; consideralile  filirin  is  usualh'  formed.  The  cocci  are  often 
taken  up  by  tlie  leukocytes  so  that  they  may  iiresent  the  ap]jear- 
ance  of  gonococci,  but  they  stain  positively  l)y  the  Gram  method. 
Sometimes  the  serous  exudation  is  very  abundant  and  causes 
marked  swelling  of  the  tissues  as  in  the  early  stage  of  a ]ihlegmon. 

Occasionally  the  streptococcus  persists  for  a long  time  in  an 
attenuated  form  in  the  circulation  and  causes  abscesses  in  first 
one  location  and  then  another.  The  cellular  reaction  under  these 
conditions  often  consists  largely  of  endothelial  leukocjdes. 

Termination  of  Lesions. — The  streptococcus  may  die  out  in 
the  lesion  which  it  causes.  This  is  the  usual  termination  in 
erysipelas,  and  the  same  result  may  happen  with  bronchopneu- 


Idg.  (54. — ^Necrosis  of  .skeletal  musele-fibers  due  to  the  streptococcus  iwosencs. 
E.xudation  consists  cliieHy  of  polymorphonuclear  leukocytes. 


monia,  pleuritis,  infections  of  the  skin,  etc.  The  exudation  quickly 
disapiiears  and  the  tissues  return  to  a normal  condition.  Abscess 
formation  followed  by  discharge  of  its  contents  and  the  cocci  is 
not  common  as  in  aureus  infections.  On  this  account  the  strepto- 
coccus is  not  easily  got  rid  of.  It  is  very  jiersistent  especially  in 
wound  infections.  The  lesions  tend  to  light  iqi  rejieatedly. 
Hence  a streptococcus  infection  is  always  to  be  regarded  as  danger- 
ous. The  organism  is  treacherous. 

Special  Types  of  Lesions. — Several  forms  of  lesions  due  to  the 
streptococcus  deserve  brief  mention. 

hrtjsipelns  is  a sjireading  lesion  of  the  skin  due  to  a mild 
streptococcus  extending  through  the  lymph-spaces.  Little  or 
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Fig.  (55. — Phlegmonous  inflammation  of  the  pharynx  due  to  the  strepto- 
coccus pyogenes.  The  lymphatic  in  the  center  is  distended  and  hlled  with 
serum  and  leukocytes.  M. 


Fig.  66. — Pliarynx.  Phlegmonous  pharyngitis.  The  streptococcus  pyogenes 
present  in  abundance  in  the  serofibrinous  exudation.  M. 


SPECIAL  INJURIOUS  AGENTS  AND  LESIONS  THEY  PRODUCE  135 

no  necrosis  is  produced.  There  is  congestion  and  a moderate 
inflammatory  exudation.  The  infection  runs  a fairly  typical 
clinical  course  and  tends  to  terminate  in  complete  recovery,  but 
the  streptococcus  may  extend  along  the  lynijihatics  or  obtain 
entrance  to  the  circulation  and  cause  a variety  of  other  lesions 
which  may  prove  fatal. 

Phlegmon  and  phlegmonous  inflammation  are  terms  applied 
to  a severer  tj^pe  of  spreading  inflammation  of  the  skin,  pharynx, 
stomach,  etc.,  in  which  the  exudation  and  consequent  swelling  are 
much  more  marked  and  extensive  necrosis  may  occur. 

Tonsilitis  is  a fairly  frequent  primary  lesion  due  to  the  strepto- 
coccus, and  often  complicates  scarlet  fever.  It  is  dangerous  in 


Fij?.  67. — Streptococcus  pyogenes  septicemia.  Necrosis  of  liver  cells.  Emi- 
gration of  polymorphonuclear  leukocytes. 

itself  and  also  because  a septicemia  is  liable  to  occur  and  be  fol- 
lowed by  endocarditis  and  infection  of  various  joints.  Infection 
of  the  tonsil  may  cause  superficial  necrosis  and  membrane  for- 
mation resembling  perfectly  that  due  to  the  diphtheria  liacillus, 
or  it  may  lead  to  extensive  necrosis  and  abscess  formation. 

Bronchopneumonia  is  often  due  to  the  .streptococcus.  Abscess 
of  the  lungs  is  more  likely  to  occur  when  the  organisms  arc  brought 
there  by  the  circulation.  Pleuritis  is  frequently  caused  by  ex- 
tension of  the  organisms  to  the  pleural  cavity. 

Sepdeemin  is  fairly  frequent  and  always  exceedingly  danger- 
ous. It  may  give  rise  to  multiple  abscesses,  to  multiiilc  infectious 
lesions  of  blood-vessels,  to  acute  endocarditis,  to  infection  of 
joints,  to  meningitis,  etc.  The  character  of  the  lesions  depends 
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OH  the  virulence  of  the  iiifeetinp;  organism  and  this  may  vary 
within  very  wide  limits.  When  it  is  virulent  elimination  of 
toxins  through  the  kidneys  may  cause  acute  glomerular  lesions. 

Endocarditis  is  quite  often  due  to  the  stre]itococcus  and  may 
appear  as  the  primary  lesion.  The  organisms  grow  in  solid  masses 
forming  minute  to  large  vegetations  which  show  live  organisms 
at  the  surface  and  masses  of  dead  ones  beneath.  The  inflamma- 
tory reaction  around  them  may  be  marked  or  surprisingly  slight. 

DIPLOCOCCUS  LANCEOLATUS  (PNEUMOCOCCUS) 

The  diplococcus  lanceolatus  occurs  widely  in  nature  and  is 
a common  inhabitant  of  the  mouth.  It  causes  a variety  of  lesions 
of  which  lobar  pneumonia  is  the  most  important  and  characteristic, 
althoughthis  disease  may  lie  caused  occasionally  by  other  organisms. 
Other  lesions  of  frequent  occurrence  due  to  the  pneumococcus  are 
bronchopneumonia,  meningitis,  endocarditis  and  seiiticemia.  Pneu- 
mococcus meningitis  aiiparently  always  terminates  fatally,  but 
recovery  from  some  of  the  other  lesions  is  of  frequent  occurrence. 

A characteristic  of  the  inflammatory  exudation  is  the  formation 
of  much  fibrin  and  it  is  noticeable  that  the  lilood  clots  postmortem 
more  extensively  than  is  usual. 

Micro-organism. — The  pneumococcus  appears  singly,  in  pairs 
and  in  chains  in  the  lesions  which  it  jiroduces.  Sometimes  it 
is  very  abundant,  at  other  times  so  scarce  that  it  is  difficult  to 
demonstrate  its  presence  microsco]iically.  It  is  usually  most 
numerous  in  the  early  stages  of  the  lesions,  at  which  time  it  multi- 
plies and  sjireads  rapidly.  In  lobar  jmeumonia  it  is  present  in 
great  numbers  at  the  lieginning  in  the  stage  of  edema.  After 
the  leukocytes  appear  the  organi.srns  usually  rapidly  vanish  jiartly 
as  the  result  of  phagocytosis. 

The  diplococcus  lanceolatus  is  readily  stained  in  sections  l)y' 
the  (Iram-Weigert  method. 

Toxin. — The  pneumococcus  produces  a toxin  which  is  of  con- 
.siderable  strength  ami  more  or  less  diffusible.  In  the  immediate 
neighborhood  of  the  organisms  it  leads  to  a marked  inflammatory 
reaction,  but  necrosis  is  rarely  conspicuous.  The  elimination  of 
the  toxin  through  the  kidneys  frequently  leads  to  acute  gloimu-ulo- 
nephritis,  usually  of  the  intracapillary  type,  if  the  infection  ])crsists 
more  than  two  or  three  weeks. 

Injury. — In  the  ordinary  lesions  due  to  the  pneumococcus  it 
is  not  easy  to  flernonstrate  any  markc'd  injury  caused  by  the  toxin. 
It  does  not  usually  cause  ni'crosis,  at  least  in  tlu*  lungs  and  men- 
inges. Occasionally,  however,  necrosis  of  the  alveolar  walls  and 
abscess  formation  occur  in  the  lung,  ajiparently  entirely  as  the 
result  of  the  action  of  this  organism. 


SPECIAL  INJURIOUS  AGENTS  AND  LESIONS  THEY  PRODUCE  137 


In  septicemia  due  to  the  pneumococcus  hemorrhage  is  of  fre- 
quent occurrence  as  the  result  of  injury  to  the  walls  of  the  blood- 
vessels. 

Reaction. — The  reaction  to  the  iJiieumococcus  and  its  toxin 
takes  the  form  of  an  acute  exudation  in  which  serum  in  abundance 
is  the  first  element  to  appear.  Polymorjihonuclear  leukoc3'tes 
soon  follow  and  much  fibrin  is  formed  from  the  serum.  Endo- 
thelial leukocytes  as  a rule  do  not  pla\"  an  im]5ortant  part,  excejjt 
during  the  stage  of  resolution.  The  exudation  is  often  complicated 
by  more  or  less  hemorrhage. 

The  fibrin  is  delicate  at  first  and  in  the  lung  often  begins  form- 
ing near  the  alveolar  walls;  later  it  usuall.v  fills  the  air- sacs  and 
often  also  the  bronchioles  and  gradually'  becomes  thicker. 


Fig.  68. — Micrococcu.s  lanccolatu.s.  Acute  lobar  ]ineumonia.  a,  CJocci  free  in 
serum  in  alveolus;  b,  cocci  within  polymorphonuclear  leukocyte.s. 

Termination. — The  diplococcus  lanceolatus  tends  to  disappear 
earlv  from  its  lesions.  In  lobar  pneumonia  the  toxin  seems  to 
l)ecome  neutralized,  since  the  temperature  drops  suddenly  by 
crisis  and  recoveiy  is  rapid.  Under  the  action  of  the  polymorpho- 
nuclear leukoc\'tes  the  fibrin  is  dissolved,  at  least  in  part,  and  is 
either  removed  through  the  natural  passages  or  becomes  organizt'd 
and  replaced  b_v  fibrous  tissue. 

Septicemia. — The  pneumococcus  frequent l.v  gains  access  to 
the  circulation,  especialU  in  cases  of  lobar  pneumonia.  The 
resulting  sejiticemia  is  not  necessarily  fatal.  Sometimes  the 
smaller  blood-vessels  are  injured  by  the  toxin  and  multiple  pete- 
chial hemorrhages  result. 
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Special  Types  of  Lesions. — The  most  common  priman'  lesions 
due  to  the  diplococeus  lanceolatus  are  lobar  and  lobular  pneu- 
monia; the  secondary  lesions  are  pleuritis,  pericarditis,  septicemia, 
endocarditis,  meningitis,  etc. 

Lobar  pneumonia  is  almost  always  due  to  the  diplococeus 
lanceolatus.  Infection  occurs  through  the  air  passages.  The 
lesion  often  affects  one  or  more  lobes  more  or  less  coinj^letely,  but 
it  is  never  confined  entirely  to  that  location.  The  organisms 
always  extend  to  the  pleural  cavity  and  occasionally  to  the  tissue 
outside  of  it,  causing  an  exudation  in  the  intercostal  muscles,  in 
the  mediastinum  and  even  extending  into  the  neck.  Secondary 
infection  of  the  pericardial  and  peritoneal  cavities  is  also  of  fre- 
quent occurrence. 

Lobar  pneumonia  usually  terminates  in  resolution,  but  occa- 
sionally the  fibrin  in  the  exudation  is  not  dissolved.  It,  therefore, 
attracts  blood-vessels  and  fibroblasts  which  replace  or  organize  it. 
The  same  process  takes  place  with  the  fibrin  on  the  pleural  surface, 
resulting  in  dense  fibrous  adhesions  which  bind  the  visceral  and 
parietal  surfaces  intimately  together  and  often  obliterate  the 
pleural  cavity  entirely. 

Lobular  pneumonia  is  more  often  due  to  the  pneumococcus 
than  to  any  other  organism.  The  inflammatory  exudation  is 
exactly  the  same  as  in  lobar  pneumonia.  The  two  types  of  lesions 
sometimes  occur  in  the  same  lung.  The  cause  of  the  distribution 
of  the  lesion  in  lobar  pneumonia  has  never  been  satisfactorily 
explained.  Possibly  the  abundant  serous  exudation  in  the  early 
stage  causing  rapid  distrilnition  of  the  organisms  has  something 
to  do  with  it. 

Lobular  pneumonia  usually  terminates  in  resolution,  but  oc- 
casionally organization  takes  jilace. 

MICROCOCCUS  INTRACELLULARIS  MENINGITIDIS 
(MENINGOCOCCUS) 

The  micrococcus  intracelhilaris  meningitidis  produces  the  disease 
known  as  epidemic  cerelirospinal  meningitis.  About  two-thirds 
of  all  cases  of  meningitis  are  of  this  type.  The  organism  is  ]irob- 
ably  transferred  directly  from  one  person  to  another.  The  jiath 
of  entry  is  supposed  to  be  through  the  lymphatics  from  the  nasal 
cavity  where  the  meningococcus  has  lieen  re]ieatedly  demonstrated 
by  means  of  cultural  methods. 

This  form  of  meningitis  usually  occurs  epidemically  but  also 
occasionally  sporadically.  It  is  not  necessarily  fatal.  Some 
patients  recover  completely,  others  with  loss  of  sight  or  of  hearing, 
or  with  mental  d(>ficienci('S.  Some  patients  recover  temporarily 
only  to  die  later  from  internal  hydrocephalus. 
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The  infection  is  usually  acute  but  sometimes  runs  a chronic 
course,  jjersisting  for  many  weeks  with  remissions  and  exacerba- 
tions. The  meningitis  is  occasionally  complicated  b}^  lobular 
pneumonia  due  to  the  same  organism. 

The  diagnosis  of  epidemic  cerebrosiiinal  meningitis  is  readily 
made  ajiart  from  the  clinical  history,  l)y  obtaining  some  of  the 
exudation  by  spinal  imncture,  demonstrating  the  characteristic 
Gram-negative  organism  within  ]X)lymorphonuclear  leukocytes, 
and  growing  it  on  blood  serum  or  other  suitable  medium. 

Micro-organism. — The  meningococcus  is  often  jiresent  in 
large  numbers  at  the  beginning  of  the  infection.  It  dies  out, 
however,  in  the  older  part  of  the  exudation  within  a ver}”  few  days. 


Fig.  ()9. — Acute  meningitis  due  to  the  micrococcus  intraccllularis  meningitidis. 

On  this  account  it  is  always  most  numerous  at  the  advancing  edge 
of  the  process  and  within  the  ventricles,  on  the  surface  of  the  s])inal 
cord  and  along  the  nerves.  In  the  later  stages  of  the  disease  it 
may  be  imjtossible  to  tlemonstrate  any  organisms. 

The  meningococcus  occurs  almo.st  entirely  within  the  cyto- 
plasm of  polymorphonuclear  leukocytes  and  is  often  found  there 
in  large  numbers.  In  this  peculiarity  and  in  its  morjjhology  and 
staining  reactions  it  closely  resembles  the  gonococcus,  but  its 
cultural  characteristics  are  entirely  different. 

Toxin. — The  meningococcus  evidently  produces  a fairly  strong 
toxin,  judging  from  the  quick  inflammatory  reaction  which  it 
calls  out  and  the  severe  symptoms  which  the  infection  causes. 
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The  toxin  acts  for  the  most  part  locally  hut  is  also  absorbed  and 

diffused  throughout  the  body  causing  slight  to  severe  retrograde 
changes. 

Injury. — Little  or  no  evidence  of  direct  injury  to  the  ceils  in 
the  meninges  produced  by  the  toxin  of  the  meningococcus  can  be 
found.  On  the  other  hand,  the  ganglion  cells  of  the  cortex  some- 
times show  slight  to  severe  retrograde  changes,  and  rarely  in  cir- 
imu''  undergo  necrosis,  either  as  the  result  of  toxin 
diffusing  from  the  meninges  or  owing  to  organisms  invading  the 
brain  tissue.  The  neuroglia  cells  frequently  show  active  }iro- 


Fig.  70. — Cerobrum.  Epirlemic  cerebrospinal  meningitis.  Polymorplio- 
imclear  leukocytes  around  ganglion  cells  in  cortex. 

liferation  which  is  probably  of  a reparative  nature  secondary  to 
injury  of  these  cells. 

Fat  can  usually  be  demonstrated  in  ganglion  cells  and  es]iecially 
in  nerve-filxTs,  both  in  the  brain  and  cord  and  in  the  ]ieri]iheral 
nerves,  in  those  cases  in  which  the  infection  has  lasti'd  for  a number 
of  days. 

Reaction. — In  the  meninges  the  meningococcus  causes  an 
acute  inflammatory  exiulation  consisting  of  serum  and  jiolymorpho- 
nuclear  leukocytes.  Pdl)rin  forms  to  some  extc'iit,  but  is  usually 
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not  very  abundant,  at  least  early  in  the  process.  The  exudation 
is  slight  at  first,  but  rapidly  increases  in  amount.  After  the 
exudation  has  existed  for  several  days,  endothelial  levdvocytes 
begin  to  make  their  appearance  in  considerable  numbers  and  incor- 
porate many  of  the  polymorphonuclear  leukocytes.  I.ympho- 
cytes  also  accumulate,  particularly  around  the  lilood-vessels,  as 
the  neutrophilic  leukocytes  disappear. 

In  the  cortex  of  the  brain  polymoriihonuclear  leukoc^ytes  often 
appear  around  the  vessels;  they  have  evidentl}^  been  led  to  emi- 
grate b}"  the  toxin  diffusing  from  the  organisms  in  the  meninges. 
The  surface  of  the  cortex  also  becomes  edematous  owing  to  an 
exudation  of  serum. 


Fig.  71. — Spinal  cord.  Epidemic  ccrol)rospinal  mcningiti.s.  Lesion  in  wall  of 
vein  with  fibrin  formation  and  beginning  organization.  M. 

Gross  Appearances. — The  inflammatory  process  in  epidemic 
cerebrospinal  meningitis  is  usually  most  marked  at  the  base  of 
the  brain;  it  is  less  over  the  parietal  and  occipital  lobes.  Ihe 
meninges  of  the  cerebellum  are  ahva}^s  involved. 

In  the  earliest  stage  of  the  process  there  is  intense  congestion. 
Later,  the  exudation  appears  as  yellowish  lines  along  the  1 flood- 
vessels.  At  the  base  of  the  brain  it  often  appears  distinctly 
purulent  at  first;  later  more  fibrin  may  be  formed,  the  exuda- 
tion here  may  be  a centimeter  or  even  more  in  thickness. 

The  spinal  cord  is  always  involvi'd  and  jirescnts  much  the  same 
appearance  as  the  lirain.  Occasionally  the  exudation  over  the 
cord  is  more  abundant  than  that  over  the  brain.  The  posterior  sur- 
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the  patient,  h or  the  same  reason  the  posterior  horns  of  the  lateral 
ventricles  almost  always  contain  a little  thick,  purulent  exudation. 

Temiinatioii.  If  the  patient  survives  for  two  or  more  weeks 
the  pol}'morphonuclear  and  endothelial  leukocytes  gradually 
undergo  necrosis  and  disaii])ear,  and  the  fibrin  which  is  not  dis- 
solved by  ferments  becomes  organized.  As  a result,  at  this  stage, 
the  meninges  appear  thickeneil  and  edematous  or  gelatinous,  and 
white  streaks  are  present  alongside  the  blood-vessels.  Small 
yellowish  patches  occur  here  and  there,  particularly  over  the  sulci, 
where  the  thicker  masses  of  fibrin  are  being  organized.  At  the 
base  of  the  brain  organization  of  the  abundant  fibrin  often  present 
may  lead  to  occlusion  of  the  foramen  of  INIagendie  as  a result  of 


Fig.  /2.  Focal  pneumonia  due  to  the  diplococcus  intracellularis  meningitidis. 

which  the  ventricles  may  become  greatly  di.stended  (internal 
hydrocephalus)  and  contain  a hundred  cubic  centimeters  or  even 
more  of  fluid. 

In  the  acute  stage  of  meningitis  the  meninges  are  easily  stripped 
off  from  the  cerebrum;  after  repair  has  taken  place  they  are 
usually  more  or  less  adherent  and  tear  away  small  l)its  of  brain 
tissue  when  forcibly  removed. 

The  active  proliferation  of  neuroglia  cells  along  the  surface 
of  the  cortex  has  already  been  mentioni'd.  Occasionally  mitotic 
figures  are  fairly  numerous  and  clumps  of  several  neuroglia  cells 
in  close  contact  are  frecpient.  In  the  severe  or  jirolonged  cases 
the  neuroglia  fibrils  produced  by  these  cells  cause  a certain  amount 
of  sclerosis.  Similar  changes  result  in  the  formation  of  numerous 
minute  granules  on  the  surface  of  the  ventricles. 

Complications. — The  meningococcus  shows  quite  a tendency 
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to  extend  along  certain  nerves,  es])ecially  the  optic,  auditory  and 
fifth,  and  sometimes  it  ])rotluces  inflammation  of  the  eye  or  of 
the  orliit,  or  destroys  the  internal  auditory  apparatus,  or  the  nerve- 
cells  and  fibers  of  the  Classerian  ganglion. 

As  in  other  infectious  processes  the  walls  of  some  of  the  blood- 
vessels, especially  veins,  in  the  meninges  are  injured.  As  a result 
thrombi  may  be*^  formed  within  them  and,  later,  undergo  organi- 
zation. Occasionally  the  lining  endothelium  of  an  artery  is 
elevated  by  an  accumulation  of  polymorphonuclear  leukocytes 
beneath  it. 

Lobular  Pneumonia. — Occasionally  a more  or  less  extensive 
lobular  pneumonia  is  iiroduced  by  the  meningococcus.  Infection 
probably  takes  place  from  the  nares,  not  embolically  from  the 
meninges,  because  a septicemia  with  this  organism  has  never  been 
demonstrated.  The  exudation  in  the  lungs  consists  almost  wholly 
of  polymoriihonuclear  leukocytes  which  often  contain  the  menin- 
gococcus in  very  large  numbers. 

DIPLOCOCCUS  GONORRHCE^  (GONOCOCCUS) 

The  gonococcus  is  a common  and  dangerous  infectious  agent. 
It  causes  acute  lesions  which  tend  to  become  chronic  and  persist 
indefinitely.  Its  normal  habitat  is  the  genital  tract  in  human 
beings.  In  the  male  infection  spreads  from  the  urethra  to  the 
prostate  and  epididymis;  in  the  female  from  the  vagina  through 
the  uterus  to  the  oviducts  where  the  greatest  damage  (salpingitis) 
is  generally  produced. 

Infection  often  sjireads  to  the  urinary  tract  and  rarely  in  the 
female  to  the  peritoneal  cavity.  Septicemia  is  an  occasional 
complication  and  may  lead  to  arthritis  and  endocarditis. 

Infection  ordinarily  takes  jdace  through  the  act  of  sexual 
intercourse.  Occasionally,  however,  the  organism  is  transferred 
from  the  genitals  to  the  eyes  by  the  fingers  in  adults,  or  at  the  time 
of  birth  in  infants,  causing  oiihthalmia  of  a dangerous  type.  Small 
children,  especially  females,  are  not  infrequently  directly  infected 
through  personal  contact  with  their  jiarents,  owing  to  dejilorable 
lack  of  cleanliness.  Ophthalmia  and  more  often  vaginitis  acquired 
in  this  way  are  sometimes  passed  from  child  to  child  in  institutions, 
constituting  an  epidemic  difficult  to  control. 

Micro-organism. — The  gonococcus  usually  occurs  in  diplo- 
coccus  form  with  the  adjacent  surfaces  characteristically  flattened. 
It  is  found  most  frequently  in  the  cytoplasm  of  polymorphonuclear 
leukocytes  and  often  in  large  numbers  in  the  cells  which  contain 
any  at  all,  indicating  that  it  multiplies  freely  within  the  cells  which 
incor])orated  it. 

The  gonococcus  is  Gram-negative.  It  is  stained  readily, 
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however,  b}'  the  ordinary  basic  dyes.  The  best  results  with 
sections  are  obtained  by  the  eosin-methylene-blue  method  after 
Zenker  fixation. 

Toxin  and  Injury. — The  gonococcus  evidently  produces  a 
more  or  less  strong  toxin.  This  is  shown  not  so  much  1)}^  any 
direct  injury  as  by  an  active  inflammatory  reaction.  Infection 
takes  place  and  spreads,  as  a rule,  along  epithelial-lined  surfaces. 
The  epithelium  usually  does  not  undergo  necrosis.  When  it  does 
the  infection  quickly  extends  to  the  underlying  tissue  where  ab- 
scess formation  may  follow  necrosis  and  softening. 

Reaction. — The  exudation  consists  chiefl}^  of  serum  and  poly- 
morphonuclear leukocytes.  Little  or  no  fibrin  is  formed,  l^mdo- 
thelial  leukocytes  are  usually  inconspicuous,  except  in  chronic 
lesions,  as  in  the  oviduct  for  instance,  where  they  may  be  attracted 


Fig.  73. — Smear  made  from  urethral  discharge.  Micrococcus  gonorrhcete 
present  in  large  numbers  in  the  cytoplasm  of  many  of  the  polymorj)honuclear 
leukocytes. 

by  fat  accumulated  from  necrotic  polymorphonuclear  leukocytes 
in  the  lumen.  They  take  up  the  fat  and  collect  in  the  subepithelial 
tissues  where  they  may  ajipear  to  the  naked  eye  as  a narrow, 
opaf[ue  yellowish  zone. 

In  the  more  chronic  lesions  lymphocytes  often  infiltrate  the 
submucous  tissue  in  large  numbers  and  eosinophiles  may  be  fairly 
numerous. 

Termination. — The  lesions  due  to  the  gonococcus  are  acute 
to  start  with,  but  instead  of  healing  spontaneously  they  tend  to 
become  less  active  and  to  persist  in  a chronic  form  for  years. 
''Fhese  chronic  lesions  are  character! z('d  by  the  formation  of  much 
scar  tissue  due  in  part  to  direct  injury,  as  when  the  organism 
invades  the  submucous  tissue  and  causes  su])])uration  or  abscess 
formation,  in  part  apparently  to  diffusion  of  toxin  through  the  lymph- 
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Fig.  74. — Kidney.  Chronic  infectious  (pyelo)  nephritis  due  to  the  gono- 
coccus. M. 


Fig.  7.5.— Kidney.  Chronic  pyelonepliritis  due  to  the  gonococcus.  Part 
oi  a tubule  distended  witli  polymorphonuclear  leukocytes,  some  of  which  con- 
tain numerous  gonococci. 
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spaces.  The  uninjured  fibroblasts  regenerate  and  produce  much 
collagen  which  later  contracts.  This  contraction  frequently 
leads  in  the  male  to  stricture  of  the  urethra  with  consequent  inter- 
ference with  the  outflow  of  urine.  Similar  lesions  in  the  epidid}'- 
mis  often  result  in  occlusion  of  the  ducts  and  consequent  sterility. 

Salpingitis  in  the  female  results  in  accumulation  of  exudation 
within  the  tube  (])us  tube),  more  or  less  thickening  of  the  wall  and 
in  adhesions  to  the  ovary  and  surrounding  organs,  with  occlusion 
of  the  fimbriated  end  and  consequent  sterility. 

Special  Pathology. — The  various  lesions  due  to  the  gonococcus 
can  be  summarized  briefly.  In  the  male,  urethritis,  prostatitis, 
infection  of  the  seminal  vesicles,  extension  along  the  vas  deferens, 
epididymitis,  rarely  invasion  of  the  testicle  and  abscess  formation. 

In  the  female,  vaginitis,  endocervicitis  and  metritis,  salpin- 
gitis, abscess  of  ovary,  jieritonitis. 

Infection  of  the  bladder  seems  to  be  fairly  frequent  I)ut  not 
very  serious.  In  extremely  rare  instances  the  organism  may 
extend  to  the  kidney  and  cause  a chronic  pyelonephritis. 

Proctitis  and  stomatitis  are  not  common  in  civilized  communi- 
ties. 

Septicemia  occurs  not  infrequently  and  may  be  followed  by 
arthritis,  which  is  often  of  a severe  and  chronic  type,  and  less  often 
by  endocarditis. 

Olihtiialmia  is  due  to  direct  transference  from  the  genital 
tract,  and  often  results  in  loss  of  vision. 

The  inguinal  lymph-nodes  are  occasionally  swollen  secondarily 
to  gonorrheal  urethritis.  The  buboes  resulting  from  the  acute 
inflammation  seems  to  be  due,  at  least  in  the  majority  of  instances, 
to  absorption  of  toxins  rather  than  to  the  immediate  presence  of 
the  gonococcus. 


BACILLUS  DIPHTHERIA 

The  diphtheria  bacillus  ordinarily  infects  only  the  air  passages 
of  which  the  different  parts  are  affected  in  the  following  order  of 
frequency,  pharynx  (tonsils),  larynx,  nares,  and  lungs.  Harely 
infection  may  begin  in  the  conjunctiva.  From  these  primary 
foci  the  pathologic  process  often  extends;  from  the  tonsils  to 
the  uvula,  the  pillars  of  the  fauces,  and  the  posterior  wall  of  the 
pharynx;  from  the  larynx  to  the  trachea  and  lungs;  or  from  the 
nares  to  the  accessory  sinuses  of  the  nose.  More  rarely  it  ex- 
tends from  the  primary  foci  to  the  esoiihagus,  tongue,  or  skin 
around  the  nose  and  mouth,  or  to  the  middle  and  ('xteinal  eai 
through  the  Eustachian  tube  and  a perforated  membrana  tyinjiani. 
Still  more  rarely,  diphtheria  bacilli  which  have  Iieen  swallowed 
cause  lesions  in  the  stomach,  or  are  conveyed  to  the  genitals 
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(vulva,  vagina,  penis)  by  the  fingers  and  give  rise  to  membrane 
formation  there. 

The  diphtheria  liacillus  secretes  a strong  toxin  which  usually 
causes  intense  local  injury  and  an  active  inflammator}"  reaction. 
The  reaction  appears  prominently  in  the  form  of  an  adherent  layer 
of  fibrin,  commonly  called  a membrane.  Some  of  the  toxin, 
absorbed  and  distributed  in  dilute  form,  causes  retrograde  changes 
in  various  cells  throughout  the  bod}"  and  also  a well-marked  reac- 
tion in  the  various  lymph-nodules. 

In  some  respects  the  diphtheria  liacillus  resembles  the  pneumo- 
coccus, in  others  it  differs  from  it.  Of  the  two  it  is  the  more 
virulent,  and  the  injury  produced,  necrosis,  is  usually  more  evi- 


Fig.  70.  Diphtheria.  Fibrinous  tracheitis.  Masses  of  diphtlieria  l)acilli  on 
the  surface  of  the  membrane.  M. 


dent.  They  both  produce  an  acute  inflammatory  exudation  in 
which  polymorphonuclear  leukocytes  and  especially  fibrin  play 
a conspicuous  jiart.  The  diphtheria  bacillus  infects  the  large  air 
passages,  the  pneumococcus,  the  small  terminal  vesicles.  The 
bronchi  are  more  or  less  common  territory.  The  fibrinous  layer 
produced  by  the  action  of  the  diphtheria  bacillus  is  usually  called 
a membrane,  but  that  due  to  the  pneumococcus  (fibrinous  pleu- 
ritis),  although  of  the  same  nature,  is  not. 

Micro-organism. — The  diphtheria  bacillus  does  not  ordinarily 
form  a conspicuous  feature  microscopically  in  the  lesions  which 
it  causes,  although  sometimes  it  is  present  in  abundance  in  the 
trachea  and  may  form  large  masses  in  the  smaller  bronchi  of  the 
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lung’s.  On  the  other  hand,  its  presence  can  almost  always  be 
clemonstrat('(l  in  early  lesions  when  a definite  membrane  is  ])resent. 
The  organisms  occur  in  clumps  of  various  sizes,  chiefly  on  the  sur- 
face of  the  membrane,  but  also  in  the  underlying  necrotic  tissue. 
They  are  not  found  in  living  tissue,  or  on  the  surface  of  normal 
epithelium,  or  even  in  those  jilaces  where  there  are,  in  the  epithe- 
lium, degenerative  changes  which  can  l)e  regarded  as  the  primary 
injury  of  the  disease.  It  seems  ju’obable  that  the  beginning  of  the 
lesion  is  due  to  the  toxic  action  of  bacilli  growing  in  the  fluids  of 
the  mouth  or  throat.  When  necrosis  is  once  produced  the  necrotic 
tissue  and  the  membrane  deposited  on  its  surface  form  a suitable 
culture  medium.  In  the  accessory  sinuses  of  the  nose  and  in  the 
midtile  ear  the  diphtheria  bacilli  so  frequently  jiresent  often  pro- 
duce only  a mucoid  or  purulent  secretion. 

In  a certain  number  of  cases  the  cervical  lymph-nodes  become 
infected  with  diphtheria  bacilli  from  the  local  lesions  in  the  throat, 
and  the  bronchial  nodes  from  lesions  in  the  lungs  without  the 
bacilli  reaching  the  circulation.  In  many  fatal  cases,  however, 
the  bacilli  get  into  the  blood  and  can  be  obtained  in  cultures  from 
various  organs.  The  order  of  relative  frequency  is  as  follows, 
liver,  kidneys,  spleen,  heart’s  blood,  and  very  rarely  the  brain. 
The  highest  percentage  of  septicemias  recorded  is  fifty,  but  in 
general  it  does  not  exceed  twenty  per  cent. 

Toxin.— The  (lii)htheria  bacillus  secretes  a strong  toxin  which 
acts  energetically  locally.  The  toxin  is  also  diffusible  and  being 
absorbed  to  a considerable  extent,  it  circulates  in  the  lymph-  and 
blood-vessels  to  act  injuriously,  although  in  a much  more  dilute 
form,  throughout  the  body.  The  (lij)htheria  toxin  is  frequently 
contaminated  and  complicated  by  toxins  derived  from  the  strepto- 
coccus pyogenes  and  other  secondarily  infecting  organisms. 

Injury. — The  injury  produced  by  the  diphtheria  bacillus  de- 
pends on  the  strength  of  its  toxin  acting  in  any  given  location. 
It  may  vary  from  slight  retrograde  changes  to  comph'te  necrosis 
of  the  tissue  cells.  Frequently  in  the  primary  local  lesions  the 
cells  are  found  in  all  stages  of  degeneration  so  that  the  term  necro- 
biosis is  sometimes  applied  to  the  condition. 

In  the  epithelium  the  most  noticeable  degenerative  changes 
are  enlargement  and  lobulation  of  the  nuclei,  or  multiplication  of 
them  by  direct  division,  vacuolation  of  tlie  cytoplasm  by  inbibition 
of  serum,  and  necrosis  of  the  cells  with  disintegration  of  the 
cytoplasm  and  fragmentation  of  the  nuclei,  or  with  hyaline  trans- 
formation. In  the  trachea  the  necrotic  cells  quickly  desquamate, 
but  on  surfaces  covered  with  stratified  epithelium  they  usually 
persist  in  or  beneath  the  membrane. 

The  injury  involves  not  only  the  surface  epithelium  but  often 
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extenils  also  to  the  underlying  tissues,  which  mu}'  likewise  degener- 
ate or  undergo  necrosis. 

Reaction.— The  reaction  to  the  toxin  secreted  by  the  diph- 
theria bacillus  and  to  the  injury  caused  b}^  it  is  an  active  and 
usually  abundant  exudation,  which  consists  chiefly  of  serum  and 
polymorjihonuclear  leukocytes.  Endothelial  leukoc3Tes  and 
lymphocytes  play  a minor  role.  From  the  serum  much  fibrin  is 
formed.  It  is  deposited  chiefly  on  the  epithelial  surfaces  in  suc- 
cessive layers  which  are  parallel  with  the  surface.  The  fibrin 
threads  at  first  are  fine  and  delicate;  later,  owing  to  gradual 


Imk.  7<.  Hj’aline  membrane  in  pharynx.  Tlie  reticulum  i.s  eoar.se,  the 
space.s  .smal  and  rounded;  they  contain  few  cells.  In  the  submucosa  the  walls 
ot  the  blood-  and  lymph-vessels  show  marked  hyaline  fibrinoid  clianges  M 
and  \\ . • 


fusion  and  from  continual  accretions,  they  become  thick  and  the 
membrane  is  often  siioken  of  as  hvaline,  in  contradistinction  to  its 
fibrinous  appearance  in  the  early  stages  of  the  process.  The 
hyaline  membrane  is  formed  where  the  fibrin  gets  a strong  hold  on 
the  surface  tint!  jjersists  a long  time.  (3n  this  account  it  is  common 
over  stratified  e])ithelium  and  very  rare  in  the  trachea  and  bronchi, 
wheie  the  membrane  readil}'’  strips  ofi  because  the  epithelial  cells 
desquamate.  At  the  same  time  the  basement  membrane,  which 
is  particularly  thick  in  the  trachea,  forms  more  or  less  of  a pro- 
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tection  for  the  adjoining  tissue  so  that  it  does  not  often  undergo 
necrosis. 

When  the  subepithelial  tissues  become  necrotic  they  are  often 
transformed,  by  chemical  changes  taking  place  in  the  serum  bath- 
ing them,  into  hyaline  structures  which  give  the  fibrin  reaction. 
The  transformation  is  sometimes  called  fibrinoid  degeneration. 

The  polymorphonuclear  leukocytes  pass  for  the  most  j^art 
through  the  membrane  on  to  the  free  surface,  but  some  lodge  in 
the  meshes  of  the  membrane  and  may  be  killed  like  the  tissue  cells 
by  the  action  of  the  toxin.  The  endothelial  leukocytes  do  not 
migrate  to  the  surface  so  freely. 

Gross  Characteristics  of  Membrane. — The  membrane  varies 
greatly  in  appearance.  It  may  appear  white,  dirty  white,  brown- 
ish, grayish  brown,  or  almost  black  in  color.  It  may  form  a thin 
pellicle  which  is  easily  removed,  leaving  a smooth  surface,  or  a 
thick,  tough  layer  which  is  stripped  off  with  difficulty  from  the 
ragged,  injected  tissue  beneath.  It  may  be  soft  and  granular, 
breaking  into  small  fragments,  or  tough  and  elastic,  and  removable 
in  large  patches.  The  membrane  is  always  more  easily  removable 
from  the  trachea  than  from  any  other  part. 

Lungs.— The  diphtheria  bacillus  may  cause  extensive  membrane 
formation  in  the  bronchi  similar  to  that  in  the  trachea.  In  addi- 
tion it  may  alone,  or  combined  with  other  organisms  such  as  the 
streptococcus  pyogenes  or  the  staphylococcus  aureus  cause  a bron- 
chopneumonia. Occasionally  the  diphtheria  bacillus  is  present  in 
masses  in  these  lesions. 

Systemic  Lesions. — The  diphtheria  toxin  is  absorbed  in  strong- 
est solution  tlirough  the  lympliatics  connected  with  the  local 
lesions  and  may  cause  severe  injury  in  the  neighboring  lymph- 
nodes,  especially  the  cc'rvical  and  submaxillary.  Hemorrhage 
and  diffuse  and  circumscribed  necrosis  are  of  frequent  occurrence 
as  the  result  of  the  action  of  the  strong  toxin. 

Toxin  absorbed  and  diffused  throughout  the  body  in  more 
dilute  form  causes  proliferation  of  the  endothelial  cells  lining  the 
reticulum  in  the  center  of  the  lymph-nodules  of  many  of  the  lymiih- 
nodes,  of  the  spleen,  and  of  the  gastro-intestinal  tract.  The  en- 
dothelial cells  proliferate  and  incorporate  and  gradually  digest 
the  surrounding  lymphocytes,  in  some  instances  so  extensively 
that  only  a few  are  left  at  the  periphery  of  the  lymph-nodule. 
The  resulting  lesion  sometimes  closely  resembles  an  early  miliary 
tubercle.  Necrosis,  hemorrhage,  and  fibrin  formation  also  often 
occur  in  the  lymjih-nodules.  1 his  reaction  on  the  part  of  the 
endothelial  cells  probably  is  connected  with  the  manufacture  of  an 
antitoxin.  The  endothelial  cells  are  the  active  agents,  the  lympho- 
cytes serve  as  nutritive  material. 
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The  termination  of  this  lesion  is  the  disappearance  of  the 
endothelial  cells  and  the  contraction  of  the  stroma  into  a small 
mass  of  hyaline  connective  tissue. 

The  toxin  leads  to  various  degenerative  changes  all  over  the 
body.  Fat  appears  in  small  droplets  in  the  heart,  liver,  kidneys, 
striated  muscle-fibers,  ganglion  cells,  nerves,  etc.  Necrosis  is 
caused  not  only  in  the  epithelium  anti  underlying  tissues  in  the 
local  lesions  and  in  the  neighboring  l3unph-nodes,  but  also  in  foci 
or  diffusely  in  the  heart  (toxic  myocarditis)  and  kidney'  (toxic 
nephritis),  and  centrally  or  focally  in  the  lobules  of  the  liver. 
Wherever  necrosis  occurs  there  is  an  inflammatory  reaction  to  the 
necrotic  material  in  addition  to  the  general  reaction  to  the  ab- 
sorbed diphtheria  toxin. 

Besides  the  lesions  already"  described  as  occurring  in  the  Ijunph- 
nodules,  the  pulp  of  the  spleen  shows  an  increase  in  the  number 
of  lymphoc>ffes,  especially  of  the  plasma  cell  tj^pe.  They  may  be 
present  in  large  numbers  diffusely  and  in  masses  in  cases  which 
have  lasted  for  some  time.  Occasionally  lymphocytes  collect 
in  considerable  numbers  beneath  the  lining  endothelium  of  veins. 
Eosinophiles  are  sometimes  numerous  in  the  pulp. 

BACILLUS  ANTHRACIS 

Infection  with  the  anthrax  bacillus  occurs  occasionally"  in  man 
in  this  country-  and  is  frequently  but  not  necessarily  fatal.  It 
takes  place  by  means  of  anthrax  spores,  carried  in  the  wool  and 
on  the  hides  brought  from  countries  where  the  disease  anthrax 
is  endemic  among  sheep  and  cattle. 

Infection  in  man  takes  place  commonly  by  direct  inoculation 
through  abrasions  of  the  skin  (neck,  face,  hands,  arms);  less 
frequently  in  the  inte.stinal  tract  as  the  result  of  swallowing  the 
spores;  or  rarely,  in  the  lungs  in  consequence  of  inhaling  them. 

The  organisms  usually-  multiply  rapidly-,  the  local  lesions  de- 
velop quickly,  a septicemia  is  common,  and  secondary-  lesions  such 
as  a meningitis  may-  arise. 

A diagnosis  in  the  case  of  the  lesions  of  the  skin  is  commonly- 
made  from  the  characteristic  gross  appearances,  and  the  finding 
of  bacilli  with  the  characteristic  morphology  and  staining  reactions 
of  the  anthrax  bacilli,  in  cover-slip  preparations  made  of  the  serum 
obtained  from  the  vesicles  and  underlying  tissue. 

Micro-organism. — The  anthrax  bacillus  is  usually-  prominent 
histologically-  in  the  lesions  which  it  causes.  Sometimes  it  is 
present  in  great  numbers.  In  the  skin  lesions  it  is  most  numerous 
usually  just  beneath  the  epidermis.  Occasionally-  in  patients 
who  are  recovering  spontaneously-  the  organisms  may  be  few  in 
number  and  difficult  to  find. 
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1 he  lar^e  size  and  staining  iirojierties  of  the  anthrax  bacillus 
enable  it  to  be  demonstrated  readily  in  sections.  A (Iram-Weigert 
stain  combined  with  a carmine  red  in  the  nuclei  furnishes  the  best 
contrast  anti  most  striking  picture. 

Toxin,  Injury  Reaction. — The  anthrax  bacillus  ]n-oduces  a 
fairh"  strong  toxin.  This  is  evidenced  by  marked  inflammatory 
reaction  rather  than  b}^  extensive  injury  in  its  immediate  vicinity. 
Necrosis  is  not  a marked  feature,  as,  for  example,  around  the 
staphylococcus  aureus.  On  the  other  liand,  the  l)lood-vessels  are 


Fig.  78. — Anthrax  pustule  of  the  skin.  Many  anthrax  bacilli  and  polyinori)ho- 
nuclear  leukocytes  in  the  ti.ssue  around  a coil  gland.  M. 


congested  and  the  exudation  of  serum  is  aliundant;  much  fibrin 
forms  in  it.  The  cellular  exudation  consists  chiefly  of  ]:>olymor- 
phonuch'ar  leukocytes  which  often  collect  in  large  numliers. 
Hemorrhage  is  a common  complication  and  seems  to  be  due  to 
injury  of  the  v(‘ss('l  walls,  (*aus(‘d  by  toxin  derived  from  the  organ- 
isms. The  necrosis  which  usually  slowly  occurs  and  sjireads 
seems  to  be  due,  in  part  at  least,  to  obstruction  of  the  blood-vessels 
by  the  exudation  around  them.  Owing  to  the  large  amount  of 
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fibrin  ])rcseiit  in  the  exudation,  softening  and  siipjnn-ation  are  not 
cominon  features. 

Lesion.  The  characteristic  and  most  connnon  lesion  caused 
in  man  by  the  anthrax 
liacillus  is  that  known 
clinically  as  malignant 
pustule  or  anthrax  car- 
buncle. It  starts  as  an 
infection  of  an  abrasion  or 
minute  injuiy  of  the  skin. 

The  resulting  focal  lesion, 
composed  of  inflammatory 
exudation  Avhich  causes 
marked  swelling,  rapidly 
enlarges.  Some  of  the  ex- 
uded serum  escaping  into 
the  skin  forms  small  ves- 
icles. As  the  lesion 
spreads  the  vesicles  in- 
crease in  number  peripherally.  In  the  center  of  the  lesion  they 
usually  become  rujitured  early  and  the  serum  oozing  dries  to  form 


79. — Anthrax  bacillus.  Exudation 
consists  of  polyniorphonucloar  leukocytes. 


a scab.  The  conge.sted  vessels  color  the  lesion  red,  but  usually 
the  center  of  it  early  becomes  cyanotic  from  .stasis  and  hemorrhage. 
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Fig.  81. — Anthrax  pustule  of  skin.  Anthrax  bacilli  and  exudation  of  poly- 
inorplionuelear  leukocytes  produced  by  them.  M. 


Fig.  82. — Anthrax  bacillus.  Acute  meningitis.  Hemorrhagic  type  of 

exudation. 
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Occasiomilly  the  lesion  in  the  skin  appears  in  the  form  of  an  ex- 
tensive diffuse  edematous  process. 

Gastro-intestinal  Tract. — The  gastro-intestinal  tract  may  be 
infected  primarily  by  ingestion  of 
anthrax  spores,  or  secondaril}^  by 
conversance  of  bacilli  to  the  mouth 
from  a lesion  of  the  skin.  It  is  also 
believed  that  lesions  arise  in  this 
situation  as  a result  of  anthrax  sep- 
ticemia. The  facts  are  not  easy 
of  proof.  The  lesions  aie  usually 
focal  and  marki'd  by  swelling,  con- 
gestion, and  usually  b}^  hemorrhage. 

The  center  of  a lesion  may  undergo 
necrosis  with  the  formation  of  a 
slough.  Rarely  the  Jesions  in  the 
intestinal  tract  take  the  form  of  a 
diffuse  edematous  process  with 
hemorrhage  and  necrosis. 

Lungs. — -Primary  infection  of 

the  lungs  is  rare  and  occurs  usually  among  rag  pickers.  The 
infection  results  in  a bronchopneumonia  with  extension  to  the 


Fig.  83. — Antlu-ax  bacilli 
growing  in  the  wall  of  a blood- 
vessel in  the  brain. 


fig.  84. — Anthrax  bacillus  in  walls  of  blood-vessels  in  cerebrum  and  hemor- 
rhages caused  by  it. 


lym.phatics  and  involvement  of  the  pleura  and  sometimes  of  the 
mediastinum. 

Septicemia. — Anthrax  septicemia  is  a frequent  and  dangerous 
complication  of  the  primary  focal  infection,  but  is  not  necessarily 
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alwa^’s  fatal.  The  numlier  of  organisms  circulating  in  the  blood 
is  never  enormous,  as  it  often  is  just  before  death  in  inoculated 
animals.  Still  they  can  usually  lie  demonstrated  by  cultures  and 
found  microscoiiically  in  sections.  The  organisms  carried  to  all 
parts  of  the  l)ody  may  set  up  lesions  in  various  organs.  The 
lesions  most  commonly  caused  are  bronchopneumonia  and  menin- 
gitis. 

As  the  result  of  the  seiiticemia  the  sjileen  is  enlarged,  usually 
to  more  than  twice  the  normal  size. 

Meningitis. — Anthrax  meningitis  is  usually  characterized  hy 
much  hemorrhage.  The  almndant  exudation  consists  of  serum 
and  iiolymorphonuclear  leukocytes.  IMucli  fibrin  forms,  especially 
around  the  lilood-vessels.  The  bacilli  are  usually  jwesent  in  large 
numbers.  The  process  frequently  extends  along  the  lilood-vessels 
from  the  pia  into  the  brain  substance  and  hemorrhage  often  occurs 
around  the  vessels.  , 

BACILLUS  MUCOSUS  CAPSULATUS 

The  bacillus  mucosus  capsulatus  or  Friedlander’s  liacillus  was 
lu'ld  originally  to  be  the  cause  of  lobar  pneumonia.  It  does 
f)roduce  that  lesion  occasionally  as  well  as  lobular  iineumonia, 

but  from  a ]iathologic 
jioint  of  view  it  is  a much 
less  imjiortant  organism 
than  the  micrococcus 
lanceolatus.  Its  name 
covers  a group  of  Gram- 
negative capsulated  bacilli 
which  differ  in  minor 
characteristics. 

Micro-organism. — Idie 
})acillus  is  usually  very 
numerous  in  the  lesions 
which  it  produces;  in  fact, 
it  is  often  more  abundant 
than  the  exudation  itself. 
In  this  respect  it  resemldes  the  plague  l)acillus.  A diagnosis  of 
the  organism  can  often  lie  made  with  more  or  less  certainty,  on 
gross  examination  of  the  lesions  it  produces,  from  the  slimy 
appearance  and  f(!cl  of  the  exudation  due  to  the  jiresence  of 
the  numerous  bacilli  with  their  mucoid  capsules. 

The  organisms  occur  free  in  the  exudation  and  also  enclosed 
in  j)olymorphonuclear  leukocytes. 

Toxin,  Injury  and  Reaction. — The  toxin  secreti'd  seems  rela- 
tively mild,  although  it  sometimes  produces  necrosis,  so  that 


Fig.  8.5. — Lobar  pneumonia  due  to  the 
baeillus  muco.sus  capsulatu.s.  The  bacilli 
are  within  polymorphonuclear  leukocytes. 
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softi'iiing  of  the  tissue  and  abscess  formation  occur.  The  exuda- 
tion is  composed  of  serum  and  polymorjihonuclear  leukocytes. 
Fibrin  may  be  small  in  amount  or  abundant.  Endothelial  leuko- 
cytes are  usually  few  in  number;  they  often  incoi’iiorate  both  bacilli 
and  polymorphonuclear  leukocytes. 

Occurrence. — Friedlander’s  bacillus  occurs  occasionally  in 
lobar,  more  often  in  lobular  pneumonia.  From  these  lesions  it 
may  extend  and  produce  a pleuritis  or  jiericarditis.  It  some- 
times enters  the  circulation  causing  a septicemia  and  giving  rise 
to  multiple  abscesses  in  the  kidneys  and  elsewhere.  Meningitis 
may  be  produced  in  the  same  way. 

In  one  instance  a septicemia  persisted  for  weeks  at  least.  If 
the  patient  bruised  himself  anywhere  an  abscess  resulted.  The 
day  he  was  discharged  from  the  hospital  as  cured  blood  cul- 
tures were  taken  and  numerous  colonies  develoiied,  showing  that 
the  septicemia  still  persisted. 

BACILLUS  OF  RHINOSCLEROMA 
This  organism  is  closely  related  to  bacillus  mucosus  capsulatus 
and  evidently  belongs  in  the  same  group,  but  it  is  less  toxic.  It 
gives  rise  to  a chronic  indurative  iirocess  affecting  the  res])iratory 


Fig.  so. — Rhinosploroma.  The  bacilli  arc  within  endothelial  leukocytes. 

tract.  The  bacillus  occurs  in  the  nasal  secretion  of  infecti'd  jia- 
tients  and  is  evidently  conveyed  from  them  to  others.  The  lesion 
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starts  ill  the  inucous  membrane  of  the  nose  causing  thickening  and 
induration,  and  extends  along  tlie  respiratory  tract  into  the  trachea 
and  bronchi  gradually  narrowing  the  lumina  and  eventually  pro- 
ducing death.  The  lesion  frequently  extends  out  on  to  the  ex- 
ternal nares,  less  often  to  the  upper  lip,  causing  smooth,  hard, 
nodular  swellings.  It  is  these  visible  lesions  which  have  given  the 
name  to  the  infection  and  enable  it  to  be  recognized  during  life. 

Histologically  the  lesion  consists  of  masses  of  endothelial 
leukocytes  filled  with  ca]isulated  liacilli.  That  is  the  essential 
part  of  the  lesion,  the  inflammatory  reaction  to  the  mildly  in- 
jurious agent.  In  addition  there  is  some  increase  of  fibroblasts 
and  usually  consideralile  infiltration  with  l3^mphocytes. 

BACILLUS  MALLEI 

The  bacillus  mallei  ])roduces  in  man  a jirimarv,  and  usuall,v 
multiple  secondary,  acute  to  chronic  exudative  lesions  which  are 
all  included  under  the  term  glanders,  a disease  occasionally  ac- 
ciuired  by  man  from  horses. 

Micro-organism.— The  glanders  bacillus  occurs  in  small  to 
large  numbers  in  the  lesions  which  it  produces.  It  usuall}^  lies 
free  between  the  exudative  cells,  but  often  occurs  in  large  numbers 
within  endothelial  leukocytes.  Rarely  it  may  be  found  within 
pohunorphonuclear  leukoc}Tes.  It  stains  veiy  lighth"  and  appears 
as  a short  to  sometimes  finite  long,  delicate,  vacuolated  rod  which 
it  rcfiuires  a little  practice  to  recognize  readil}'^  in  sections. 

Toxin  and  Injury. — The  glanders  l)acillus  jiroduces  a strong 
toxin  which  acts  locally  and  jiroduces  necrosis.  Its  toxic  effect 
is  best  studied  when  the  lesion  occurs  in  muscle-tissue,  because 
the  degenerative  changes  in  the  muscle-fibers  are  marked  and 
easily  seen. 

Reaction. — The  reaction  to  the  glanders  bacillus  is  intense, 
exudative  in  type,  and  consists  of  s(‘rum,  fibrin,  and  pol.vmor- 
phonuclear  and  endothelial  leukocjdes  in  varying  ]iroportions. 
The  necrotic  tissue  quickly  liquefies  and  the  fibrin  dissolves  and 
disappears,  so  that  abscesses  are  formi'd.  Striated  musch'-fibers 
become  hyaline,  vacuolatf'd,  invadf'd  by  pol.vmor])honuclear 
leukocytes  and  digested.  The  exudative  cells  are  quickly'  injured 
by  the  toxin  and  undergo  degenerative  changes  so  that  their  true 
nature  is  often  difficult  to  recognize,  except  in  the  earliest  lesions 
or  at  the  peripher^^  of  an  oldiT  h'sion. 

Many  of  the  endothelial  leukocytes  undergo  a peculiar  and 
fairly  characteristic  dc'gc'iu'rative  change.  The  nucleus  enlarges, 
becomes  multilobulated  and  often  by  dirc'ct  division  multinucleated, 
so  that  a kind  of  giant-cell  is  formc'd.  This  is  especially  the  case 
when  the  endothelial  leukocjdes,  as  jihagoc^des,  have  taken  up 
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polymorphonuclear  leukocytes  and  increased  much  in  size.  These 
large,  lobulated  and  multiple  nuclei  generally  stain  intensely  for 
a while  and  then  fade  away  as  the  cells  undergo  necrosis. 

The  lesion  produced  by  the  glanders  bacillus  tends  to  spread 
peripherally,  especially  along  the  lines  of  least  resistance,  as,  for 
example,  in  the  connective-tissue  sejita  of  fat  and  muscle-tissues, 


Hg.  S7.  Focal  pneumonia  due  to  the  glanders  bacillus.  Detail  drawings 
.showing  bacdh  and  character  of  exudation.  In  d,  one  of  the  characteristic 
large  cells. 

along  the  sheaths  of  nerves  and  around  blood-vessels.  Still  more 
characteristic  is  a marked  tendency  to  invade  blood-vessels,  es- 
pecially veins,  and  spreatl  along  them.  Here  a thrombus  of  fibrin, 
polymorphonuclear  and  endothelial  leukocytes  is  quickly  formed, 
hater,  the  fibrin  in  the  center  of  the  thrombus  i^oftens  and  dis- 
appears, the  cells  degenerate,  and  the  charactcri.stic  large,  lobulated 
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and  inultiiile  nuclei  may  form  within  endothelial  leukocytes 
before  they  underjjo  necrosis.  From  these  softened  thrombi 
the  glanders  bacilli  unquestionably  escajie  readily  into  the  cir- 
culation and  are  carried  all  over  the  body.  This  thrombus  for- 
mation is  common  in  the  veins  of  the  subcutaneous  and  muscle- 
tissues,  and  especially  in  the  lungs,  where  the  only  lesions  may 
consist  of  the  thrombi  within  the  pulmonary  veins  and  arteries. 
In  this  latter  condition  it  must  be  assumed  that  the  organisms 
brought  to  the  lung  by  the  circulation  have  remained  within  the 
blood-vessels  and  produced  lesions  there  only.  The  thromln  in 
the  blood-vessels  in  other  situations  may  owe  their  origin  at  times 
to  a similar  method  of  starting. 


Pig_  gg. — (Handers  l)acillus.  Focal  pneumonia.  The  lar^e  cells  with  large 
lobulated  nuclei  are  fairly  characteristic  of  this  infectious  agent. 


Primary  Lesions.— In  man  infection  usually  occurs  through 
a scratch  or  other  injury  of  the  skin,  much  less  often  through  the 
digestive  or  respiratory  tract.  In  the  skin  a su])purative  lesion  is 
produced  which  may  be  ciuite  extensive  and  more  or  less  chronic 
in  type.  It  does  not  differ  particularly,  however,  from  infectious 
lesions  due  to  other  organisms. 

Secondary  Lesions. — Tlie  secondary  lesions  in  glanders  are 
due  to  the  bacilli  obtaining  entrance  to  the  circulation  and  being 
carried  all  over  the  body.  They  jiroduce  focal  lesions,  usually 
acute  in  character,  in  the  skin  and  subcutaiK'ous  tissues,  less  often 
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in  inusclc,  and  very  conimonly  in  the  lungs,  liver,  spleen,  and 
central  nervous  system,  and  in  the  mucous  membranes. 

Skin. — When  the  lesion  in  the  skin  is  near  the  external  surface 
serum,  and  later,  pol3miorphonuclear  leukocytes  due  to  the  in- 
flammatory reaction,  escape  into  the  ejiidermis,  separate  the  cells 
and  lead  to  the  formation  of  a vesicle  which  gradually  changes  to 
a pustule. 

Lung.— In  the  lungs  the  organisms  brought  by  the  blood 
usually  gain  access  to  the  alveoli  anti  jiroduce  a miliar}'  lironcho- 
pneumonia  with  serum,  fibrin,  pol^vmorjihonuclear  and  endothelial 
leukoc}'tes  in  the  exudation.  Soon  the  alveolar  walls  involved 
undergo  necrosis,  the  fibrin  dissolves  and  aliscesses  are  formed  and 
ma.v  graduall}'  increase  in  size. 

Somtimes  the  organisms  remain  within  the  ]iulmonar}"  vessels 
and  give  rise  to  thrombi  composed  of  ]iol.vmorphonuclear  and  endo- 
thelial leukocytes  and  fibrin.  Later  the  thrombi  soften  down. 

Liver,  Spleen,  Brain,  Etc.  The  lesions  in  the  other  organs 
do  not  rec]uire  special  mention.  The}’’  are  all  of  the  t}']")e  of  acute 
abscesses,  in  which  the  organism  is  tiie  most  imixirtant  element. 
Still  the  type  of  the  histologic  changes  in  the  lesions  is  often  so 
characteristic,  owing  especially  to  the  formation  of  the  large 
lobulatcd  and  multinucleated  endothelial  leukocytes,  that  the 
nature  of  the  etiologic  factor  ma>^  often  be  shrewdly  guessed. 

BACILLUS  AEROGENES  CAPSULATUS 

The  bacillus  aerogenes  capsulatus  is  of  interest  from  two  jioints 
of  view,  first,  because  it  is  a dangerous  invader  of  wounds,  often 
causing  death;  second,  because  it  sometimes  jiroduces  gas  in  the 
human  bod}',  occasionally  during  life,  more  often  ])ostmortem. 
the  oiganism  is  widel}'  distributed  in  nature.  It  is  found,  for 
exani])le,  in  the  soil  and  occurs  also  (piite  commonly  in  the  intestinal 
tract  of  man.  It  is,  therefore,  frequent!}'  in  a jiosition  to  infect 
voundsoi  to  obtain  entrance  to  the  l)ody  through  ulcerated  surface's. 

1 he  bacillus  occasionally  infects  wounds  of  the  extremities, 
especiall}  compound  factnres,  and  causes  rapidly  spreading  necrosis 
which  is  complicated  by  the  presence  of  Imbbles  of  gas,  largely 
hydrogen,  proehiced  by  the  organism.  Owing  to  this  peculiarity 
the  condition  is  commonly  knomi  as  em]ihysematous  gangrene, 
ihe  gas  which  is  formed  in  different  organs,  as  the  result  of  a 
sejiticemia,  gi\es  rise  to  conditions  known  as  gas  cysts  foamv 
liver,  etc. 

Micro-organism. — The  bacillus  appears  as  a straight  rod  not 
unhke  the  anthrax  bacillus,  but  somewhat  thicker  and  more  vari- 
al)le  m length.  Occasionally  in  a septicemia  it  will  l)e  found 
gloving  in  chains.  It  is  Gram-jiositive  and  stains  readily  also  by 
11 
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the  ordinary  methods.  It  multiplies  rapidly  and  may  be  very 
numerous  m the  lesions  it  produces.  11  the  multiplication  is 
largely  or  entirely  postmortem  there  is  no  evidence  of  inflamniatory 
reaction  around  the  bacilli  which  are  sometimes  exceedingly 
numerous  in  the  walls  ol  the  gas  cysts. 

Toxin,  Injury  and  Reaction.— The  bacillus  aerogenes  produces 
substances  which  cause  necrosis  of  cells,  dissolve  chromatin,  hemo- 
lyze  the  blood  and  dissolve  the  tissues.  The  toxin  is  strong  and 
produces  rapid  and  often  extensive  necrosis.  When  muscle-tissue 
is  affected  the  fibers  may  become  hyaline  or  be  digested,  so  that 
each  fiber  is  separated  into  discs  or  the  sarcous  elements  are  set 
free.  Under  this  condition  these  elements  may  be  taken  up  in 
large  numbers  by  the  polymorphonuclear  leukocytes. 


Pig  39 Liver  from  a case  of  septicemia  due  to  the  bacillus  aerogenes  capsu- 

latus.  Many  endothelial  leukocytes  in  the  blood. 


The  inflammatory  reaction  varies  considerably.  There  may 
be  considerable  serum  and  many  polymorphonuclear  leukocytes. 
More  or  less  fibrin  may  be  formed.  At  other  times  the  exudation 

is  slight  in  amount. 

Septicemia  frequently  follows  infection  with  the  bacillus 
aerogenes.  As  a result  the  organisms  are  carried  to  all  parts  of  the 
body.  Whether  they  give  rise  to  gas  formation  antemortem  or 
not 'is  an  unsettled  question.  Occasionally  they  seem  to,  but  m 
most  instances  the  gas  is  evidently  jirodiiced  after  death.  C ysts 
an;  fonned  most  freipiently  in  the  liver,  intestine  and  liram. 

BACILLUS  TYPHOSUS 

Introduction.— The  typhoid  bacillus  ordinarily  produces  a 
definite  s(>ries  of  h^sions  characteristic  of  the  disease  known  as 
typhoid  fever.  These  lesions  will  be  considered  first.  Certain 
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other  lesions  which  sometimes  occur  and  usually,  jicrhajis  always, 
accompany  or  follow  an  attack  of  typhoid  fever  will  be  taken  up 
briefly  later. 

Typhoid  fever  is  an  acute,  self-limited  disease  which  may  recur 
after  a very  short  interval.  If  the  iiatient  recovers  he  has  ]wac- 
tically  acquired  immunity  from  further  attacks. 

The  site  of  infection  and  the  nature  of  the  lesions  in  typhoid 
fever  are  always  the  same;  they  vary  only  in  intensity. 

Micro-organism.— The  typhoid  bacillus  obtains  entrance  to 
the  human  body  through  the  gastro-intestinal  tract  and  by  that 
way  only.  It  multiplies  usually  in  the  lower  end  of  the  ileum; 
sometimes  in  the  ileum  and  colon;  rarely  most  abundantly  in  the 


Fig.  90.  Typhoid  fever.  Intestine.  ^Characteristie  eliimp  of  bacilli.  iM. 


colon.  It  sometimes  enters  the  a]:)]:)endix.  Early  in  the  infection 
It  invades  the  intestinal  wall  and  gains  access  to  the  blood-cur- 
rent,  giving  rise  to  a septicemia. 

I he  typhoid  bacillus  is  not  conspicuous  in  the  lesions  to  which 
It  gives  rise.  In  tissues  fixed  soon  after  death,  or  at  o]:>erations 
or  intestinal  perforation,  the  organisms  are  few,  scattered,  and 
uitficult  to  find,  and  not  to  be  distinguished  with  certainty  morpho- 
ogica  y from  the  colon  bacillus.  When  tissues  are  fixed  in  preserv- 
atives a number  of  hours  after  death  bacilli,  as  a result  of  post- 
mortem growth,  are  frequently  found  in  small  and  large  colonies 
m the  intestinal  wall,  mesenteric  lym])h-nodes,  liver,  and  spleen. 
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Those  organisms  have  generally  been  regarded  as  characteristic 
typhoid  bacilli,  but  are  necessarily  open  to  some  doubt;  they 

might  be  colon  bacilli.  , i ^ 

Toxin. — There  is  rarely  the  intimate  relation  between  the 

tviihoid  bacillus  and  the  lesion  produced  by  it,  which  obtains,  for 
example,  between  the  tubercle  bacillus  and  the  reaction  around  it. 
This  lack  of  relation  is  probably  more  aiiparent  than  real  and  is  due 
to  the  fact  that  the  typhoid  toxin  appears  to  be  not  a secrcdion 
of  the  living  organism,  but  a product  of  the  disintegration  of  its 
dead  body;  hence  the  relation  is  between  the  products  ol  dis- 
integration, which  cannot  be  demonstrated,  and  the  lesion. 


Fig. 


()1  — Typhoid  fever.  Ijyinph-iiodule  in  a 1 eyei  s 

^ phagocytic  endothelial  leukocytes. 


l)atch  largely  replaced 
M. 


'rho  toxin  is  api)arcntly  soliililo  and  (liffusil)lp,  oxtrnding  for  .a 
pertain  distance  ....ripherally  aroun.l  a dissolving  nns 

being  .absorbcl  and  earrie.l  in  the  lymph  and  blood  stu.m  s 
ludging  from  the  character  and  distribution  of  the  lesions  in  the 
intestine,  nmid,  toxin  is  also  absorbed  from  the  intestinal  tract 

wiicre  the  tvphoid  bacilli  are  at  first  located. 

Iniurv  -Vlie  typhoid  bacillus  under  ordinary  conditions  (lore 
not  pro!hi'ce  necrosis  of  the  cells  with  which  it  comes  in  contac 
b fact  it  docs  not  seem  to  iirodiicc  any  direct  injury,  ihe 
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necrosis  which  occurs  in  the  later  stages  of  tyjihoid  fever  is  of 
secondary  origin,  due  to  the  cellular  reaction  to  the  organism. 

Reaction. — The  inflammatory  exudation  in  tyjihoid  fever  is 
the  result  of  the  reaction  against  the  tyjihoid  bacillus  and  its  toxin; 
it  does  not  take  place  in  consequence  of  any  injury  of  tissue  cells 
produced  by  the  organism. 

The  typhoid  bacillus  produces  a mild  type  of  inflammatory 
reaction  consisting  almost  entirely  of  endothelial  leukocytes 
which  accumulate  in  large  numbers  where  the  typhoid  toxin  is 
strongest  and  thus  form  the  lesions  characteristic  of  typhoid  fever. 
These  endothelial  leukocytes  are  strongly  phagocytic  for  other  cells, 


Fig.  92.— Typhoid  fover.  Phagocytic  endothelial  leukocytes  in  lymph- 

nodule  in  a Peyer’s  patch. 

incorjRirating  and  digesting  large  numbers  of  them.  In  the 
mte.stinal  lesions  they  take  up  chiefly  lym])hocytes,  in  the  spleen 
red  blood-corpuscles,  and  in  the  blood-vessels,  espeeially  of  the 
portal  circulation,  polymorphonuclear  leukocytes  and  red  Itlood- 
corpuscles.  Ihe  morjjhologic  evidence  strongly  favors  the  view 
that  the  endothelial  leukocytes  take  up  and  fligest  these  various 
cells,  not  because  the  latter  have  been  injured  by  toxins,  but  be- 
cause they  are  needed  for  nutritive  purposes  by  the  endothelial 
leukocytes  in  the  preparation  of  an  antitoxin  to  neutralize  the 
typhoid  toxin. 
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As  a result  of  the  typhoid  toxin  in  the  tissues  and  in  the  blood- 
and  lymph-vessels,  which  only  endothelial  leukocytes  seem  able 
to  comliat,  the  endothelial  cells  lininp;  the  blood- and  lymph-vessels 
and  the  reticulum  of  the  lymphoid  tissue,  proliferate  rajiidly  and 
desquamate  or  are  set  free  as  endothelial  leukocytes.  These 
leukocytes  are  capable  of  emigrating,  migrating,  and  jiroliferating. 
They  accumulate  in  large  numbers  in  the  lymphoitl  tissue,  lym- 
phatics and  lymph-spaces,  and  blood-vessels  wherever  the  typhoid 
toxin  is  ]iresent. 


pjg  93 — Typhoid  fever.  Phagocytic  endotlielial  leukocytes  present  in  small 

numbers  in  clot  from  heart. 


The  endothelial  leukocytes  attracted  by  the  typhoid  toxin 
sometimes  have  associated  with  them  a varying  number  of  lympho- 
cytes, especially  within  the  lymphatics,  and  more  or  less  fibrin; 
these' two  elements  seem  to  be  secondary  rather  to  degenerative 
changes  in  the  endothelial  leukocytes  and  other  cells,  than  directly 


to  the  tvphoid  toxin. 

In  order  to  understand  the  gross  lesions  produced  by  the 
typhoid  bacillus,  which  under  ordinary  conditions  leads  chiefly 
or  exclusively  to  an  accumulation  of  endothelial  leukocytes,  it  is 
necessary  to  take  up  these  lesions  in  detail. 

Distribution  of  Lesions.— The  chief  and  characteristic  lesions 
of  typhoid  fever  are  distributed  along  the  path  of  alisorption  of  the 
typiioid  toxin  from  the  intestinal  tract,  namely,  in  the  lymphatic 
apparatus  of  the  intestinal  wall  and  in  the  mesenteric  lymph- 
nodes.  In  addition,  the  toxin  in  the  blood-vessels  leads  to  changes 
in  the  character  and  relative  proportions  of  the  blood  elements  and 
to  the  accumulation  of  endothelial  leukocytes,  especially  in  tie 
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spleen,  lione  marrow,  and  jiortal  eireulation.  These  lesions  are 
all  more  or  less  tlih'iise  in  character.  They  are  eomiilieated  by 
focal  lesions  due  to  the  attraction  of  endothelial  leukocytes  around 
dead,  disintegrating  tyjihoid  Imcilli.  These  focal  lesions  are  best 


I’ig.  94. — Typhoid  fever.  Inte.stine  .showing  marked  .swelling  of  a Peyer’s 
patch  and  of  numerous  solitary  lymph-nodules. 


Fig.  9.5. — Typhoid  fever.  Ileocecal  valve,  appendix  and  lower  end  of 
ileum.  Marked  swelling  of  a Peyer’s  patch  and  of  numerous  solitary  Ijunph- 
nodules.  Necrosis  and  beginning  ulceration  of  surface  of  many  of  them. 


seen  in  the  liver,  the  bone  marrow,  and  the  spleen;  in  the  intestine 
and  me.senteric  lymjih-nodes  they  are  largely  or  entirely  masked 
b\'  the  more  prominent  diffuse  lesions. 
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Intestine. — The  lesions  of  the  intestine  in  typhoid  fever  are 
usually  most  prominent  in  the  Peyer’s  patches  and  in  the  solitary 
and  agminated  lymph-nodules  of  the  ileum.  They  are  severest 
just  al)ove  the  ileocecal  valve  and  diminish  in  intensity  from  this 
point  upwards.  If  they  were  due  entirely  to  the  presence  of  bacilli, 


()(i — Typhoid  fever.  Phasocytie  endothelial  leukocytes,  a,  h, 
and  c,  In  a lymph-nodule  in  a Peyer’s  patch;  d,  in  a lacteal  in  the  mucous 

membrane. 


as  in  tulKTculous  lesions,  instead  of  largely  to  the  absorption  of 
typhoid  toxin  from  th(^  intestinal  canal,  this  gradual  diminiition 
in  the  severity  of  the  lesion  upward  would  not  hold.  Frequently, 
in  the  lower  part  of  the  ileum  the  lesions  also  involve  the  mucous 
membrane  between  the  patches  of  lymphoid  tissue.  Occasionally 
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many  of  the  lymph-nodules  in  the  colon  are  involved,  and  rarely, 
the  lesions  are  more  prominent  in  this  portion  of  the  intestine. 
When  the  appendix  is  affected  the  lesion  corresponds  to  that  in  the 
ileum. 


Fig.  97.— Typhoid  fever.  Phagocytic  endothelial  leukocytes  in  blood-vessel 

in  wall  of  intestine. 


Fig.  98.  Typhoid  fever.  Part  of  a lyinph-nodule  in  a Peyer’s  patch;  largely 
replaced  by  phagocytic  endothelial  leukocytes.  M. 

^ The  lesion  for  the  first  seven  to  ten  days  consi.sts  only  of  a 
thickening  or  swelling  of  the  lymphoid  ti.ssue  and  in  severe  cases 
also  of  the  adjoining  mucous  membranes.  The  thickening  may 
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reach  four  to  six  or  even,  rarely,  eight  or  ten  millimeters.  It  is 
due  to  the  acciimiilation  of  large  numbers  of  endothelial  leukocytes 
in  and  around  the  lymph-nodules,  in  the  mucous  memlirane,  in 
the  submucosa  and  frequently,  also,  in  the  muscle  coats.  They 
are  present  in  abundance  in  the  lacteals  and  in  all  the  lymphatics, 
but  especially  in  the  submucosa.  Occasionally  the  subperitoneal 

lymphatics  may  be  so 
distended  with  cells  that 
they  stand  out  pronii- 
nentl.y  as  white  lines.  The 
capillaries,  and  especially 
the  veins  of  the  intestine, 
contain  numerous  endo- 
thelial leukocytes,  while 
polymorjihonu clear  leuko- 
cytes are  to  a large  ex- 
tent or  entirely  absent.  In 
all  these  situations  the 
endothelial  cells  and  leu- 
kocytes may  be  found 
occasionally,  sometimes 
frequently,  in  mitosis. 

In  the  lymphoid  tissue 
the  lesion  is  sometimes 
most  marked  within  the 
lym]ih-nodules  which  may 
be  entirely  occupied,  ex- 
cept for  a narrow  rim  at 
the  ])eri]ihery,  by  endothe- 
lial leukocytes  filled  with 
tlie  more  or  less  digested 
remains  of  the  lym])ho- 
cytes  which  have  been 
incorporated.  In  other 
instances  the  endothelial 
leukocytes  are  more 
abundant  around  and  be- 
tween the  lymph-nodules. 
In  the  lacteals  ami  lymphatics  the  endothelial  leukocytes  usually 
have  associated  with  them  a varying  number  of  lymphocytes, 

and  more  or  less  serum  and  fibrin. 

In  mild  cases  of  typhoid  infection  the  dev('lopment  of  the  lesion 
in  the  intestine  may  cease  at  this  point,  owing  to  the  formation  of 
enough  antitoxin  to  counteract  the  injurious  effect  of  the  bacteria. 
The  endothelial  leukocytes  then  quickly  undergo  degeneration 


-pig  99. — Typhoid  fever.  Intestine 

with  large  sloughs  still  attached  in  the 
Peyer’s  patches. 
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and  disappear.  In  the  severe  cases,  however,  the  accumulation 
of  endothelial  leukocytes  continues  and  leads  frequently  to  occlu- 
sion of  the  smaller  blood-vessels  here  and  there,  usually  near  the 
surface  in  the  swollen  lymphoid  tissue.  The  occlusion  seems  to  be 
due  partly  to  external  pressure  on  the  vessels  by  the  accumulated 
cells,  partly  to  obstruction  by  cells  collected  within  the  vessels. 
This  is  caused,  in  part  at 
least,  by  cells  accumulating’ 
beneath  the  lining  endothe- 
lium where  they  often  un- 
dergo necrosis  and  leatl  to 
the  formation  of  fibrin 
thrombi.  Owing  to  ob- 
struction of  the  blood- 
vessels and  the  resulting 
interference  with  nutrition 
the  cells  begin  to  undergo 
necrosis.  The  necrosis 
may  be  slight  and  super- 
ficial if  the  occluded  vessels 
are  small;  occasionally, 
however,  the  obstructed 
vessel  is  large;  then  the 
area  of  necrosis  is  large.  As 
soon  as  necro.sis  of  the  sur- 
face epithelium  occurs  the 
way  is  open  to  infection  by 
various  bacteria  which  may 
themselves  cause  more  ex- 
tensive necrosis.  This  in- 
fectetl  necrotic  tissue  leads 
to  an  active  inflammatory 
exudation  of  polymorpho- 
nuclear leukocytes  all  along 
the  edge  where  it  abuts  on 
living  tissue. 

The  necrotic  tissue 
macerates  and  disintegrates 

along  its  inner  surface.  The  main  mass,  however,  which  appears 
as  the  slough  on  gross  examination,  is  finally  set  free  by  the 
iligestive  action  of  the  polymorphonuclear  leukocytes  along  its 
border.  When  it  separates  it  may  leave  behind  one  or  more 
eroded  vessels  which  give  rise  to  intestinal  hemorrhage,  or  the 
necrosis  may  have  extended  so  deep  tliat  perforation  of  the  intes- 
tinal wall  occurs. 


Fig.  inq. — Typhoid  fever.  Intestine 
showing  sloughs  and  ulcerations. 
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In  the  repair  of  tlie  ulcerations  occurring  in  typhoid  fever  there 
is  no  cicatricial  contraction.  This  is  due  ])robably  to  two  causes. 
The  lesion  is  of  brief  duration,  especially  the  stage  of  necrosis 
which  alone  affects  the  connective  tissue.  In  other  words,  the 
injury  done  the  fibroblasts  is  short  and  shar]);  it  is  not  prolonged. 
Secondly,  the  slough  is  soon  cast  off;  there  is  no  necrotic  tissue  or 

fibrin  left  on  the  surface 
to  stimulate  proliferation 
of  fibroblasts  or  require 
organization. 

Mesenteric  Lymph- 
nodes. — The  lesions  in 
the  mesenteric  lymidi- 
nodes  correspond  closely 
to  those  in  the  intestine 
exce])t  in  one  particular; 
they  are  rarely  exi)osed 
like  the  latter  to  the 
complication  of  second- 
ary infection. 

The  toxin  reaches  the 
lymph-nodes  from  the 
intestine  by  way  of  the 
lym]ihatics;  both  those 
entering  and  those  leav- 
ing the  lym])h-nodes  are 
usually  distended  with 
s('rum,  endothelial  leuko- 
cytes and  lymphocytes. 
The  peripheral  and  other 
sinuses  within  the  nodes 
show  the  same  contents. 
In  the  lymphoid  tissue 
the  endothelial  leuko- 
cytes may  be  scatterc'd 
diffusely  or  they  may  be 
more  or  less  focally  grouped.  As  a rule,  they  are  less  abundant 
within  the  lymph-nodules  than  elsewhere. 

As  the  process  advances  the  sinuses  often  become  occluded 
by  the  masses  of  cells  fused  togetluT  in  a fibrinous  mesh-work. 
Fibrinous  thrombi  frefjuently  form  in  the  walls  of  the  veins  and 
may  lead  to  occlusion  of  them.  More  or  less  extensive  necrosis 
often  occurs  and  may  involve  an  (Mitire  lymph-node.  Such  a 
lymph-node  on  section  appears  yellow  and  caseous,  suggesting  a 
tuberculous  process.  Sometimes  hemorrhage  takes  place. 


Fig.  101.— Typhoid  fever  Intestine  show- 
ing uleerations. 
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The  accumulation  of  endothelial  leukocytes  is  not  liiniti'd  to 
the  lymph-node.  They  often  infiltrate  in  large  numbers  the 
cajisule  and  fat  tissue  outside  of  the  nodes  and  probably  show  the 
distance  to  which  the  typhoid  toxin  diffuses  and,  therefore,  exerts 
its  chemotactic  influence. 
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Fig.  102. — Typlioid  fever.  Phagocytic  endothelial  leukoc3Ue.s  in  the  periph- 
eral bnnph-siniis  of  a mesenteric  banph-node. 


Liver. — Two  types  of  lesions  are  present  in  the  liver,  the  one 
focal,  the  other  diffuse.  In  addition,  the  sinusoids  in  the  early 
stage  of  the  disease  contain  large  numbers  of  phagocytic  endothelial 
leukocwtes  filled  with  red  blootl-cor]iuscles  and  occasional  lymitho- 


Fig.  10-3. — Typhoid  fever.  Swollen  me.senteric  fvmph-nodes  with  hemorrhage. 

cytes  and  polymor])honuclear  leukocytes.  The  endothelial  c(‘lls 
lining  the  sinusoids  frequently  contain  cellular  inclusions  and  rarely 
nia}^  be  found  in  mitosis. 

The  focal  lesions  closely  resemble  miliary  tubercles  in  size, 
shape  and  distribution.  TIkw  are  comjiosed  of  accumulations  of 
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endothelial  leukocytes  which  block  up  the  sinusoids  and  lead  to 
necrosis  of  the  included  liver  cells  and  sometimes,  also,  of  the 
leukocytes  centrally  situated  in  consequence  of  nutrition  beinj^ 
cut  off.  After  necrosis  has  beg;un,  more  or  less  fibrin  is  usually 
formed,  and  a few  lymphocytes  may  be  attracted  to  the  nodules. 

These  focal  lesions  have  been  explained  as  miliary  infarcts 
due  to  occlusion  of  the  sinusoids  by  the  large  phagocytic  endothelial 
leukocytes.  Two  points  ma}^  be  urged  against  this  explanation. 
The  leukocytes  in  the  nodules  are  usually  less  phagocytic  than 


Fig.  104. — Typhoid  fever.  Focal  lesion  in  liver  composed  of  endothelial 

leukocytes. 

elsewhere  and  hence  not  so  large.  Secondly,  if  a lesion  forms  near 
a large  vein,  endothelial  leukocytes  will  collect  on  the  inner  wall 
of  the  vein  adjoining  the  nodule  and  form  a sort  of  endotludial 
h'ukocyte  thrombus,  similar  to  a blood  platelet  thrombus.  4 his 
observation  shows  that  the  leukocytes  are  attracted  into  the 
nodules,  not  pushed  there  by  tlie  blood  current. 

The  study  of  the  early  stage  of  the  miliary  tubercle  in  the  liver 
shows  that  it  is  formed,  exactly  like  the  typhoid  nodule,  of  an 
accumulatiim  of  endothelial  leukocytes,  and  when  it  adjoins  a 
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vein,  endothelial  leukocytes  in  the  blood  stream  are  attracted  to 
the  wall  over  the  tubercle.  By  jiroper  staining  methods  it  is 
possible  to  demonstrate  one  or  more  tubercle  liacilli  in  the  center 
of  each  tubercle.  It  seems  reasonable  to  exjilain  the  typhoid 
nodules  in  the  same  way;  each  is  an  accumulation  of  endothelial 
leukocytes  attracted  around  a typhoid  bacillus,  not  living,  Ixit 
dead  and  disintegrating  (jirobably  within  an  endothelial  cell 
lining  a sinusoid),  thus  setting  free  the  toxin  which  attracts  these 
leukocytes  to  neutralize  and  counteract  it. 


1 I fever.  Focal  lesion  in  liver  composed  of  endothelial 

leukocytes.  Some  of  them  contain  red  blood-corpuscles  and  portions  of  other 
leukocytes. 


Repair  of  these  focal  le.sions  ma}'  re.sult  in  small  foci  of  scar 
tissue. 

The  diffuse  lesion  consists  of  endothelial  leukoc^ffes  along  the 
line  of  lymphatic  absorption,  namely,  in  and  around  the  lym- 
phatics which  accompany  the  portal  vessels.  As  a rule,  they  are 
not  numerous,  but  occasionally  the  lymphatics  are  flistended  with 

leukocytes.  Rarely  they  fuse  in  this  location  to  form  an  occasional 
giant-cell. 

Spleen.  The  terminal  veins  of  the  spleen  are  greatly  distended 
and  filled  with  numerous  endothelial  leukocytes  which  arc  full 
of  red  blood-corpuscles,  and  occasionally  of  polymorphonuclear 
leukocytes  and  lyinjihocytes.  Sometimes  the  vessels  are  occluded 
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with  a thrombus  comiiosed  of  tlicse  phagocytic  leukoc3'tcs  held 
together  a reticulum  of  fibrin.  These  thrombi  ma}"  belong 
with  focal  lesions  occurring  here  and  there  in  the  spleen,  which 
are  evidently  of  the  same  nature  as  those  in  the  liver.  These 
t^^phoid  nodules  sometimes  encroach  on  the  hanph-nodules  which 
otherwise  usuall}^  show  no  change.  The  phagoc\'tic  cells  occur 
also  in  the  tissue  between  the  veins. 


Fig.  lOG. — Typhoid  fever.  Focal  le.sion  in  liver.  Consists  chiefly  of  endo- 
thelial leukocytes  .some  of  which  are  phagocytic.  M. 

Occasional!}^  endotludial  leukocAdes  nia.y  be  found  in  con- 
siderable numbers  beneath  the  lining  endothelium  of  the  larger 
veins. 

This  great  accumulation  of  endothelial  h'ukocytes  in  the  sjileen 
leads  to  considenil)le  increase  in  its  size,  and  in  the  early  stage  of 
the  disease  to  a marked  increase  of  consistence.  I^ater,  the  con- 
sistence becomes  soft  and  flabby. 

If  recovery  takes  place  the  hemoglobin  of  the  red  blood- 
corj)Uscles  within  the  (uidothelial  leukocytes  is  graduall}^  changed 
to  hemosiderin  wliich  is  slowly  dissolved,  so  that  during  the  process 
the  spleen  contains  large  numbers  of  ])igment('d  cells. 
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Bone  Marrow, — The  blood-vessels  of  the  bone  marrow  contain 
numerous  endothelial  leukocytes  filled  with  red  corjjuscles,  and 
occasional  lymiihocytes  and  polymorphonuclear  leukocytes.  The 
characteristic  lesion  is,  however,  the  tyjihoid  nodule  which  cor- 
responds in  every  way  to  that  found  in  the  liver  and  umiuestionably 
is  formed  in  the  same  way.  As  these  lesions  get  older  and  some  of 


Pig.  107.  Typhoid  fever.  Spleen.  Phagocytic  endothelial  leukocytes  con 
taining  red  blood-corpuscles  in  blood-.sinus. 


the  cells  undergo  necrosis  more  or  less  fibrin  is  formed  and  this 
masks  the  true  character  of  the  cell  reaction. 

Owing  to  the  cell  activity  in  the  bone  marrow  as  the  re.sult  of 
the  typhoid  lesions,  the  fat  tissue  in  the  long  bones  is  more  or  less 
encroached  upon  by  erythroblasts  and  myelocytes  and  becomes  red. 

In  addition  to  the  tis- 
sues already  described, 
numerous  endothelial 
leukocytes  are  frequently 
found  in  various  lympha- 
tics, for  example,  those 
of  the  heart.  Occasion- 
ally focal  lesions  (typhoid 
nodules)  occur  also  in 
other  organs ; for  instance, 
they  have  been  found  in 
the  kidney,  adnaial  gland, 
pancreas,  and  testicle. 

Lung,  die  sides  the 
typical  le.sions  thus  far 
described  the  typhoid 
bacillus  occasionally  gives 
rise  to  others.  Thus,  tv- 
phoid  fever  may  be  complicated  by  a lobar  pneumonia  in  which 
the  typhoid  bacilli  seem  to  plaj'^  a more  or  less  important  part; 
at  least  they  occur  in  the  alveolar  exudation  which  contains  large 
numbers  of  phagocytic  endothelial  leukocytes,  suggesting  a reac- 
tion similar  to  that  in  the  intestine. 

Meningitis.  Rarely  an  acute  meningitis  supervenes  in  which 
12 


Fig.  108. — Typhoid  fever.  Phagocytic 
endothelial  leukocyte.s  in  and  between 
blood-sinuses  of  spleen. 
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the  only  organism  deinonstralile  is  the  typhoid  bacillus.  The 
cellular  exudation  consists  of  numerous  endothelial  and  poly- 
morphonuclear leukocytes  and  more  or  less  serum  and  fibrin. 

Gall-bladder.— Although  the  typhoid  bacillus  is  commonly 
found  to  be  ]iresent  in  the  gall-bladder,  it  produces  no  lesion  of  the 
wall.  In  like  manner  it  may  be  present  and  persist  for  months 
in  the  urinary  bladder  without  jiroducing  any  lesion.  In  both 
situations  it  may,  however,  serve  as  a nucleus  for  the  formation  of 
calculi. 


Fig.  109. — Bone  marrow  from  typhoid  fever  patient.  Part,  of  focail  lesion  eon 
taining  numerous  endothelial  leukocytes. 


Abscesses. — Abscesses  ar('  sometimes  produced  l)y  the  typhoKl 
bacillus.  They  occur  in  the  spleen,  in  muscles,  and  especially  m 
bones,  sometimes  months  or  even  years  after  an  attack  of  typhoid 
fever.  The  lesion  is  so  different  from  that  ordinarily  caused  by 
this  organism  that  it  is  difficult  to  explain.  A mixed  infection  has 
been  suggestc'd  as  the  reason.  It  seems  more  likely  that,  under 
certain  rare  conditions,  the  typhoid  bacillus  multiplies  m large 
numbers  in  certain  favorable  foci  in  th('  liody  and  then  acts  pos- 
sibly l).y  reason  of  a much  more  concentrated  toxin  than  under 
usual  conditions.  This  strong  toxin  produces  necrosis  and  attracts 
polymorphonuclear  leukocytes  just  as  the  tubercle  bacillus  some- 
times does. 
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BACILLUS  COLI  COMMUNIS 

The  colon  bacillus  is  a constant  inhabitant  of  the  intestinal 
tract.  Postmortem  it  is  often  found  widely  distrilmted  in  the 
body,  probably  as  the  result  of  a terminal  septicemia  due  to  inva- 
sion of  the  circulation  shortly  before  death.  It  is  also  found  in 
certain  lesions  of  which  it  is  unquestionably  the  cause.  First  in 
order  are  the  lesions  of  the  urinary  tract,  namely,  of  thi'  bladder 
ureter,  renal  pelvis  and  kidney;  second,  those  of  the  gall-bladder’ 


the  ^oTon\^)aeillni''"TlT  infectious  nephritis  (pyelonephritis)  due  to 

thelial  leuk^  M mflammatory  ex.ulat.on  consists  largely  of  endo- 


rp  ^ liver;  and  third,  of  the  pancreas  and  its  ducts. 

o all  tlicse  organs  the  bacillus  obtains  entrance  through  natural 
passages  into  which  it  is  ordinarily  unable  to  penetrate'.  Hemat- 
ogenous infection  of  these  organs  in  the  human  being  with  the 
CO  on  bacillus  is  always  to  lie  regarded  as  extremelv  doubtful 
although  often  strongly  claimed.  Other  le.ss  common' lesions  are 
peritonitis,  abscesses  and  septicemia. 

The  lesions  produced  by  the  colon  bacillus  may  be  very  acute 


180 


PATHOLOGIC  HISTOLOGY 


anti  intense  anti  cause  death.  In  general,  however,  they  are  mild 
anti  tentl  to  become  chronic,  especially  in  the  kitlney.  rrequently 
the  micro-organism  tlies  out  and  the  lesions  untlergo  repair.  On 
this  account,  especially,  it  is  important  to  recognize  the  type  of 
lesions  protlucetl  by  the  colon  bacillus  anti  their  usual  tlistribution, 
because  without  an  exact  knowletlge  of  them  the  origin  of  the 
resulting  sclerosis,  when  recovery  and  repair  have  taken  place, 
might  not  be  susiiectetl. 

Micro-organism. — The  colon  bacillus  often  occurs  in  large 
numbers  in  the  lesions  which  it  produces,  for  examine,  in  the 
kitlnev.  When  it  is  fountl  in  clumps  of  considerable  size  a post- 


mortem growth  in  the  tissues  is  jiresumable  just  as  occurs  with  the 
typlioid  bacillus.  At  other  times  it  may  he  difficult  to  demonstrate 
tire  organism  microscoiiically  in  sections  of  lesions.  Often  it  is 
found  for  the  most  part  only  within  polymorphonuclear  leukocytes 
of  which  an  occasional  one  may  contain  one  to  a dozen  bacilli. 

Toxin. — The  injurious  substance  derived  from  the  colon  liacillus 
is  apparently  an  endotoxin,  not  a soluble  diffusible  toxin.  It 
varies  much  in  strength,  and  as  a result,  the  injury  and  reaction 
likewise  vary  greatly.  The  toxin  exerts  its  effect  chiefly  or  entirely 

locally.  . . 

Injury. — The  toxin  may  cause  necrosis  of  all  of  the  cells  m its 

immediate  neighborhood,  or  only  of  those  which  are  more  highly 
differentiated.  Thus,  in  the  Iddney  the  tubular  epithelium  is 
often  destroyed,  in  yiart  or  entirely,  while  the  suriounding  fibro- 
blasts and  the  vascular  endothelium  are  left  intact,  xsecrotic  cells 
and  mitotic  figures  may  be  present  in  the  same  tubule.  Such 
lesions  tend  to  be  diffuse  and  in  the  end  to  undergo  repair  because 
the  toxin  is  not  strong  and  the  organism  usually  dies  out.  In 
other  instances  all  the  various  tjqies  of  cells  are  destio^ed  and 


abscesses  result.  _ . 

In  the  liver  the  e])ithelium  lining  the  bile  ducts  is  more  resistant 

than  the  liver  cells,  probably  because  the  cells  are  less  highly  differ- 
entiated. In  like  manner  the  acinar  cells  in  the  ]iancreas  are  more 
easily  injured  than  the  duct  and  possibly  the  islet  cells. 

Reaction. — The  inflammatory  reaction  to  the  colon  bacillus 
may  be  acute  and  intense,  consisting  chiefly  of  an  exudation  of 
serum  and  of  polymorphonuclear  leukocytes.  This  type  of  reac- 
tion commonlv  terminates  in  abscess  formation  as  a result  of  the 
extensive  necrosis.  Fibrin  is  sometimes  abundant.  Endothelial 
leukocytes,  Ivmphoc.yti's  and  eosinoiihiles  may  also  lie  present 
in  varving  numb(>rs.  The  blood-vessels  in  and  around  the  in- 
fected areas  are  usually  intensely  congested  and  hemorrhage  is 
a freciuent  complication.  Lesions  of  this  type  are  fairly  common 
in  the  kidney  and  occur  occasionally  also  in  tin;  liver.  If  recovery 
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takes  place  tliey  terminate  in  scar  formation.  The  so-called 
suigical  kidney  is  usually  the  result  of  a chronic  infection  of  this 
type  due  to  the  colon  bacillus. 

At  othei  times  the  injury  is  slight  and  the  reaction  of  a mild 
type,  consisting  largely  or  chiefly  of  endothelial  leukocytes,  while 
the  other  exudative  elements  apiiear  in  smaller  iiroportions.  The 
result  is  a diftuse  inflanmiator}'  jirocess  without  extensive  necrosis 
and  without  abscess  formation.  Such  a lesion  terminates  in 
sclerosis  of  the  organ  affected. 

Urinary  Tract.  1 he  colon  bacillus  is  a frequent  cause  of  a 
cystitis  which  is  usually  mild  and  chronic  in  tvpe.  The  infection 
may  ascend  through  the  ureter  and  imnlve  the  kidney.  Some- 
times the  organism  produces  little  or  no  disturbance  in  the  bladder 
V hile  the  lesion  in  one  or  both  kidne3^s  ma^^  be  marked. 

The  lesions  in  the  kidney  vary  greatly.  The  bacillus  invades 
the  tubules  m the  pyramids  and  ascends  towards  the  cortex. 
Oning  to  the  way  the  tubules  branch,  the  affected  areas  broaden 
as  they  approach  the  capsule.  If  the  organism  is  very  virulent 
the  result  is  necrosis,  acute  inflammatory  exudation  and  abscess 
formation.  The  process  may  become  chronic  and  form  the  so- 
called  surgical  kidney. 

If  the  organism  is  mildly  virulent,  onl}^  the  epithelium  lining 
the  tubules  is  destroyed  and  it  may  regenerate.  The  tubules  are 
distended  with  polymoriihonuclear  and  endothelial  leukocytes. 
One  type  or  the  other  may  predominate.  Fibrin  is  often  present, 
llie  mtertubular  tissue  is  usually  infiltrated  with  numerous 
lymphocytes  and  often  with  many  eosinophiles.  The  fibroblasts, 
as  a rule,  show  more  or  le.ss  jiroliferative  activity.  The  colon 
lacilhis  toxin  produces  some  evident  effect  ujion  them. 

I he  termination  of  these  lesions,  if  recovery  takes  place,  is 
to  leave  behind  more  or  less  wedge-shaped  areas  of  sclerosis  in  the 
cortex.  The  tubules  may  be  jiartly  or  entirely  destroyed,  or  only 
compressed  by  the  contracting  connective  tissue  and  atroiihiecl. 

le  glomeruli  are  often  sclerosed  and  hyaline,  but  they  contain 
i\nig  cells.  In  this  wa\^  they  may  be  readilv  distinguished  from 
the  glomeruli  in  a partially  organized  infarct. 

Gall-bladder  and  Liver. — Cholecystitis,  usually  chronic  in 
t\pe,  IS  often  caused  by  the  colon  bacillus.  Less  often  the  micro- 
organism invades  the  bile  ducts  of  the  liver.  If  it  is  very  virulent 
t le  result  is  an  acute  inhammatory  exudation  of  serum  and  iioly- 
morphonuclear  leukocytes  in  and  around  the  bile  ducts,  associated 
^^uth  more  or  less  extensive  necrosis  and  abscess  formation.  If 
t le  orpni.sm  is  only  mildly  virulent  the  ducts  may  contain  chieflv 
or  entirely  endothelial  leukocytes,  while  the  surrounding  tissue'  is 
in  tinted  with  similar  leukocytes  and  occasional  lyinjihocytes. 
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The  fibrolilasts  show  increase  in  numiiers.  This  type  of  infection 
may  terminate  in  sclerosis  (cirrhosis)  which  is  characterized  by 
beins  confined  to  the  periphery  of  the  lobules. 

Pancreas. — Infection  of  the  ])ancreas  by  the  colon  bacillus  is 
lirobably  more  frequent  than  generally  suspected.  Acute  cases 
with  hemorrha^^ic  type  of  exudation  and  with  abscess  foimation 
have  been  reported.  The  more  or  less  extensive  sclerosis  of  the 
pancreas  occasionally  found  at  autopsy  is  probably,  judging  from 
similar  lesions  in  the  kidney  and  liver,  often  of  infectious  oiigin 
and  due  to  the  colon  bacillus. 

BACILLUS  PERTUSSIS 

Micro-organism. — The  whoo])ing-cough  bacillus,  disco\eied 
in  1900  l)V  Bordet  and  (iengou,  but  not  obtained  in  pure  culture 
until  1906,  is  a minute,  ovoid.  Gram-negative  cocco-bacilhis  which 

* 


stainss  lightly  by  ordinary  methods.  In  the  disease  caused  by  it 
the  organism  occurs  in  large  numbers  in  a location  which  is  char- 
acteristic for  it,  namely,  between  the  cilia  of  the  epithelial  cells 
lining  the  trachea  and  bronchi,  and  jirobably  also  the  nares.  I his 
last  point  has  not  yet  been  determined  for  human  beings.  Jlie 
bacilli  also  occur  to  some  extent  free  and  enclosed  in  polymorpho- 
nuclear leukocytes  in  the  secretion  in  the.  air  passages.  The 
organisms  are  most  abundant  during  the  first  two  or  three  weeks 
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of  the  disease  and  then  graduall}'  diiniiiish  in  numlier,  disappear- 
ing usually  after  six  to  eight  weeks  or  more. 

Toxin, — The  toxin  produced  by  the  bacillus  is  evidently  mild. 
Its  presence  is  indicated  in  three  wa,ys;  (a)  by  a motlerate  inflam- 
matory exudate  in  the  walls  of  the  trachea  and  bronchi;  (li)  by  a 
lymphocytosis;  and  (c)  by  the  production  of  an  antibody  in  the 
patient’s  blood,  demonstralile  b}^  the  comjilement-fixation  test. 

Injury  and  Reaction. — The  injury  jiroduced  is  apparently 
largely  or  entirely  mechanical.  The  action  of  the  cilia  is  inter- 
fered with  so  that  they  are  unable  to  remove  secretion  and  inhaled 
foreign  material,  as  under  normal  conditions.  The  bacilli  thus  act 
as  a continual  local  irritant,  inciting  coughing  which  in  typical 
instances,  terminates  in  the  characteristic  whoop. 

No  necrosis  of  the  lining  epithelium  is  produced.  The  inflam- 
matory reaction  is  probably  largely  or  entirely  due  to  the  mikl 
toxin  derived  from  the  organisms.  It  consists  of  an  (‘migration  of 
Iiolymorphonuclear  and  less  often  of  endothelial  leukocytes  which 
pass  through  the  epithelium  to  the  free  surface.  In  addition, 
lymphocytes  accumulate  to  some  extent  in  the  tissues  around  the 
trachea  and  bronchi. 

As  a result  of  the  absorjition  of  toxin  the  endothelial  cells  in 
the  lymph-nodules  of  the  lymph-nodes,  s]ileen  and  gastro-intestinal 
tract  proliferate  as  in  diphtheria,  scarlet  fever  and  certain  other 
infectious  diseases,  but  to  a much  less  extent,  and  incorporate  some 
of  the  adjacent  lymphocytes.  The  increase  in  the  number  of 
lymphocytes  in  the  circulation  and  of  the  endothelial  cells  in  the 
lymph-nodules  indicates,  probably,  the  cells  most  available  in  the 
tormation  of  an  anti-toxin  to  counteract  the  toxin  produced  by 
the  bacillus  and  absorbed  into  the  body. 

Bronchopneumonia. — The  bronchoiineumonia  which  frequently 
complicates  whooping-cough  is  iirobably  due  to  contaminating 
bacteria.  So  far  no  evidence  has  been  found  that  the  bacillus 
pertussis  causes  it. 

The  bacillus  bronchisepticus,  which  causes  distemper  in  dogs, 
rabbits  and  other  domestic  animals,  is  found  in  the  same  location 
in  these  animals  as  the  bacillus  pertussis  is  in  man,  namely,  be- 
tween the  cilia  of  the  epithelial  cells  lining  the  nares,  trachea  and 
bronchi.  Histologically  in  sections  the  lesions  cannot  lie  told 
apart  and  the  bacilli  are  practically  identical  in  size,  shape,  and 
staining  reactions.  On  this  account  all  experimental  work  where 
the  bacillus  pertussis  is  inoculated  into  the  ordinary  laboratory 
animals  is  o])en  to  doubt,  and  must  be  rigidly  controlh'd  bacterio- 
logically,  as  the  two  organisms  differ  in  motility  and  in  alkali 
production  in  litmus  milk. 
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BACILLUS  TUBERCULOSIS 

Introduction. — Several  strains  of  the  tubercle  bacillus  exist 
in  nature;  only  two  of  them  concern  us  here,  the  human  and  the 
bovine  varieties.  The  human  strain  of  tubercle  bacillus  is  a very 
common  injurious  agent  affecting  man.  Usually  infection  takes 
place  indirectly  from  man  to  man.  Occasionall}^  the  liovine 
type  of  the  organism,  common  in  cattle,  gains  access  through 
ingested  milk  or  its  products  and  causes  lesions  which  apparently 
correspond  closely  to  those  produced  by  the  human  variety. 

The  tubercle  bacillus  causes  a great  variety  of  lesions,  usually 
chronic  in  character,  but  often  acute.  The  lesions  are  all  included 
under  the  general  term  tuberculosis,  but  the  lesions  in  certain 
organs  are  often  prominent  and  give  rise  to  characteristic  clinical 
symptoms  which  have  long  been  known  under  special  names  and 
have  been  regardetl  and  treated  as  sejiarate  diseases;  for  example, 
chronic  tuberculosis  of  the  lungs  has  been  known  as  consumption, 
tuberculosis  of  the  s])ine  as  Pott’s  disease,  tuberculosis  of  the  skin 
as  lupus,  tuberculosis  of  the  cervical  lymjih-nodes  as  scrofula. 

Infection  takes  jdace  usually  through  the  respiratory,  less 
often  through  the  digestive  tract,  rarely  through  injuries  to  the 
skin.  The  ])rimary  lesions  tend  to  progress;  the  infecting  organ- 
ism sjireads  readily  through  the  lymphatic  apparatus,  the  blood- 
ve.ssels,  and  various  epithelial-lined  cavities,  ducts,  and  glands  of 
the  body  such  as  the  pleural  cavities,  the  bronchi  and  alveoli  of 
the  lungs,  the  tubules  of  the  kidney,  and  of  the  epididymis  and 
testicle. 

The  lesions  produced  by  the  tubercle  bacillus  appear  in  a great 
variety  of  torms,  due  less  to  variations  in  the  character  of  the 
inflammatory  reaction  than  to  differences  in  the  structure  of  the 
organs  in  which  the  lesions  are  situated.  In  order  clearly  and 
fully  to  understand  the  reaction  of  the  tissues  to  the  tubercle 
bacillus  it  is  important  to  have  the  organisms  stained  in  the 
sections  studied. 

The  organs  and  tissues  most  commonly  inff'cted  are  the  lungs, 
lymph-nodes,  intestine,  liver,  s])leen,  meninges  of  the  brain  and 
cord,  genito-urinary  apparatus,  bones  and  joints,  pleural  and  other 
rnesothelial-lined  cavities,  skin. 

ddie  lesions  produced  by  the  tuliercle  bacillus  are  not  self- 
limited, but  are  steadily  jirogressive,  although  they  vary  greatly 
in  rate  of  development.  Sometimes  they  are  very  acute,  at  other 
times  (!xceedingly  chronic,  persisting  a long  life  time.  They  may 
lu'al  in  one  place  and  spread  in  another. 

Xo  complete'  leical  e>r  general  immunity  is  proeluceel,  except 
uneler  favorable  conditions.  Therefore,  to  cennliat  the  organism 
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successfully  the  best  of  hyj.ienic  suiTouiidiiigs  are  necessary 
ires^li  ail  and  nourishing  food  are  the  chief  rec]uirenients. 

Tuberculosis  is  raiuly  inherited,  but,  in  spite  of  the  fact  that 
man  is  to  be  classed  relatively  as  only  moderately  susceptible  to 
tuberculosis,  it  is  difficult  for  children  to  avoid  infection  if  one  of 
the  parents  lias  the  disease,  or  if  they  mv  exjiosed  to  infection 
ttirough  people,  local  surroundings,  air,  or  food. 

Micro-organism.— The  tubercle  liacillus  occurs  in  widely  vary- 
ing numbers  in  the  lesions  which  it  produces.  In  some  lesions  it  is 
almost  impossible  to  demonstrate  its  presence  except  by  inoculat- 
ing some  of  the  tissue  into  a suscejitible  animal.  In  other  lesions 
it  may  be  present  in  great  numbers.  It  is  usually  contained  within 


a t 

Fig.  112.  Tubercle  bacilli,  n,  In  inflammatory  exudate  in  alveolus  of  lung; 

b,  in  giant-cell.  ’ 


endothelial  leukocytes  and  giant-cells;  less  commonly  within 
polymorphonuclear  leukocytes.  As  the  result  of  necrosis  and 
subsequent  softening  of  lesions  it  is  often  left  free  outside  of  cells. 
Sometimes  in  necrotic  material,  in  filirin  thrombi,  and  within 
ca\ities  it  may  grow  in  solid  masses  like  cultures  on  media  in  the 

test-tube.  Apparently  it  may  also  grow  free  in  serous  fluids  and  in 
the  urine. 

I he  tubercle  bacillus  is  non-motile.  By  the  rupture  of  softened 
tulierculous  cavities  into  lilood-  and  lymph-vessels  the  organisms, 
often  in  large  numbers,  are  carried  by  the  blood  and  lyinjih  cur- 
rents to  yarious  parts  of  the  liody.  They  si'em  to  sjiread  to  some 
extent  within  the  lesions  jiroduced  by  direct  growth  from  cell  to 
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cell.  INIore  commonly,  however,  they  are  slowly  distrilnited  by  the 
ameboid  movements  of  endothelial  leukocytes  carrying;  them  into 
and  along-  blood-  and  lymjih-vessels  and  epithelial-lined  spaces. 
Occasionally  polymorphonuclear  leukocytes  play  the  jiart  of  dis- 
tributing agents. 

Toxins. — The  tubercle  bacillus  produces  mild  toxins,  partly 
during  the  life  of  the  organism,  partly  by  disintegration  of  its 
bod}^  after  death.  These  toxins  cause  lesions  locally,  that  is, 
in  their  immediate  presence;  not  at  a distance  by  cliffusion  of 
the  toxins.  At  least  the  kidneys  never  show  any  effect  which 
could  be  ascribed  to  the  elimination  of  a tuberculous  toxin  through 
them. 

The  amount  of  toxicity  apparently  varies  considerably  with 
different  strains  of  the  organism.  On  the  other  hand,  the  reaction 
of  the  host  is  not  always  the  same.  It  is,  therefore,  difficult  to 
decide  from  the  nior])hologic  picture  alone  the  degree  of  toxicity. 
That  is  a ])rol)lem  for  animal  ex]:>erimentation  to  decide  in  the 
case  of  each  individual  strain  of  organism. 

Early  Miliary  Lesions. — The  j^rimary  lesion  ])roduced  around 
the  first  tubercle  bacillus  which  gains  entrance  to  a human  body 
has  of  necessity  ])robably  never  been  seen.  We  are  dependent, 
therefore,  for  our  knowledge  of  the  origin  and  development  of  the 
minute,  ('arly,  miliary  lesions  in  man  on  the  changes  which  are 
])roduced  by  single  tuliercle  bacilli,  or  small  clumjis  of  them, 
carried  chiefly  by  the  blood  and  lyrn])h  streams  to  different  jiarts 
of  the  body.  The  best  material  is  furnished  by  early  cases  of 
so-called  acute  miliary  tuberculosis.  Here  an  old  tuberculous 
lesion  or  thrombus  softens  and  discharges  large  numbers  of 
tubercle  bacilli  into  the  ciriailation.  As  the  discharge  once  started 
is  often  continuous,  in  aiipropriate  cases  all  stages  in  the  develo]i- 
ment  of  the  miliary  lesions  may  be  jiresent.  Such  lesions  are 
best  found  and  studied  in  the  liver,  lung,  and  spleen. 

Injury. — It  is  difficult  to  demonstrate  any  direct  injury  done  to 
the  tissue  cells  by  the  imriK'diate  ])resence  of  the  tubercle  bacillus 
and  its  toxins,  even  when  the  organisms  are  j^iresent  in  large  num- 
bers, as,  for  instance,  in  a capillary  of  the  tuft  of  a glomerulus. 
The  lesion  does  not  start  with  necrosis  as  is  usually  the  case  with 
the  staphylococcus  pyogenes  aureus  for  exam])le. 

Reaction. — Wherever  the  tubercle  bacillus  lodges  in  the  human 
body  it  ordinarily  brings  about  an  accumulation  of  endothelial 
leukocytes  around  it,  due  to  the  reparative  effort  of  nature  to  neu- 
tralize the  toxins  produced  by  the  organism  and  thus  to  counter- 
act its  injurious  effect.  Rarely  the  endothelial  leukocyte  is  re- 
])lac('d  in  part  or  largely  by  the  polymorphonuclear  leukocyte, 
dliis  hapiiens  only  when  the  tubercle  bacilli  are  very  numerous. 
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The  leukocytes  incorporate  the  organisms  which  continue  to  multi- 
ply readily  within  the  cells. 

Tubercle  bacilli  may  lodge  in  blood-  or  lymph-vessels  or  in 
spaces  lined  with  epithelium.  The  further  reaction  to  them,  other 
than  the  accumulation  of  endothelial,  rarely  of  polymoriiho- 
nuclear  leukocytes  arountl  them,  dejiends  on  their  location. 
When  they  are  located  outside  of  the  circulation  tlie  other  elements 
occurring  in  acute  inflammatory  reactions  may  be  added  to  the 
leukocytes  already  mentioned,  namely,  serum  (from  which  much 
fibrin  may  be  formed),  lymphocytes,  and  occasionally  eosinophiles. 
The  reaction  to  the  tubercle  bacillus  when  outside  the  circulation 
is,  therefore,  to  be  classed  as  exudative  in  character.  The  reac- 
tion is  usually  of  a mild  type. 

The  earliest  tuberculous  lesions  begin,  as  a rule,  either  in  the 
capillary  blood-vessels  or  in  the  minute  lymidi-spaces  of  organs 
and  tissues;  but  they  may  begin  in  large  blood-vessels,  in  lym- 
phatic spaces  or  sinuses,  or  in  epithelial-lined  spaces  such  as  the 
alveoli  of  the  lung.  These  earl}^  discrete  lesions  produced  by  the 
tubercle  bacillus  receive  different  names  according  to  their  location. 

When  the  lesions  start  in  the  minute  blood-  or  lym})h-vessels 
of  an  organ  or  tissue  and  involve  the  surrounding  parenchymatous 
cells,  they  are  called  miliary  tubercles.  Their  development  can 
best  be  followed,  perhaps,  in  the  liver. 

When  the  organisms  are  located  in  sizable  Idood-vessels  the 
accumulations  of  endothelial  leukoc^des  vithin  the  vessels  and 
around  the  organisms  may  be  regarded  as  cell  thrombi.  Such 
lesions  may  best  lie  studiecl  in  the  terminal  veins  of  the  sj^leen. 

If  the  bacilli  obtain  access  to  lymphatic  vessels,  to  loose- 
meshed  tissues  like  the  meninges,  or  to  spaces  lined  with  epithelium, 
they  lead  to  what  is  generally  recognized  as  an  inflammatory 
exudation  of  a type  known  as  tuberculous.  The  lung  furnishes 
the  commonest  examples  of  this  latter  ty]ie  of  lesion. 

The  ini]R)rtant  point  to  bear  in  mind  is  that  the  reaction  to 
the  tubercle  bacillus  is  essentially  the  same  under  all  conditions. 
It  a])i)ears  to  differ  at  times  onl}^  on  account  of  the  situation  of 
the  organism  in  the  tissues. 

I he  endothelial  leukoc^des  in  tuberculous  lesions  are  mainly 
derived  from  Ijlood-  and  lymph-vessels  by  chemotaxis,  but  occa- 
sionally mitosis  of  an  endothelial  leukocyte  within  a miliary  lesion 
may  be  observed. 

Giant-cells. — Usually  but  not  always  some  of  the  endothelial 
leukocytes  of  the  early  tuberculous  lesions  exhibit  a marked 
tendency  to  fuse  together  to  form  multinucleated  or  so-calh'd 
giant-cells.  These  giant-cells  form  a striking  and  characteristic 
but  by  no  means  diagnostic  feature  of  tuberculous  lesions.  As 
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a rule,  only  one  giant-eell  is  formed*  within  a single  miliary  lesion, 
but  often  two  or  more  giant-cells  are  ]oresent.  Rarely,  all  or 
nearly  all  of  the  endothelial  leukocytes  fuse  together  to  form  one 
large  or  several  to  many  smaller  giant-cells.  In  lesions  starting  in 
lymj^hatics  and  in  eiiithelial-lined  sjiaces  giant-cells  are  usually 
lacking,  but  they  may  be  formed,  as,  for  instance,  in  the  alveoli 
of  the  lung. 

\\dien  the  tubercle  bacilli  are  numerous  and  the  cellular  reac- 


Fig.  113. — Liver.  Early  miliary  tubercle  consisting  of  an  accumulation  of 
endothelial  leukocytes,  some  of  which  contain  tubercle  bacilli. 


tion  consists  largely  of  polymorphonuclear  leukocytes,  giant-cells 
are  usually  not  formed. 

The  giant-cells  in  tuberculous  lesions  are  jirobably  all  to  be 
classed  as  of  th('  nature  of  foreign  body  giant-cells.  The  foreign 
body  may  b(‘  the  fats  or  other  derivatives  of  dead  tuliercle  liacilli, 
fir  the  live  liacilli  themselves.  The  nuclei  of  tuberculous  giant- 
C(‘lls  are  usually  characteristically  arrangf'd  at  the  ])('ri])hery  of  the 
cell;  sometimes  a more  or  h‘ss  liipolar  arrangement  is  evident. 
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Tlip  cytoplasm  in  the  center  of  the  giant-cell  is  as  a rule  finel}^ 
reticular  and  contains  numerous  centrosomes. 

The  giant-cells  are  generally  irregularly  siiherical  in  shajie. 
At  the  ]ieriphery  of  a cell  the  cytojilasm  may  be  shaiply  limited, 
stopping  abruiitly  just  beyond  the  nuclei,  or  it  may  send  out 
cytoplasmic  processes  in  one  or  many  directions,  })rol)al)ly  into 
the  larger  lym])h-s]iaces  towards  sources  of  nutrition. 

The  different  forms  under  which  the  earl}'  reaction  to  the 
tubercle  bacillus  appears  can  be  best  understood,  perhaps,  by 
describing  one  or  more  siiecific  examples  of  each. 

Miliary  Tubercle;  Liver.— Tubercle  bacilli  brought  by  the 
circulating  blood  to  the  liver  are  taken  up  by  the  endothelial  cells 
lining  the  sinusoids.  Each  one  of  the  endothelial  cells  containing 
one  or  more  tubercle  bacilli  attracts  endothelial  leukocytes  around 
it.  The  leukocytes  pack  and  occlude  the  sinusoids  around  the 
cell  just  infected,  and  by  pressure  and  by  obstructing  the  circula- 
tion soon  lead  to  necrosis  of  the  included  liver  cells  which  rap- 
idly disintegrate  and  disajipear. 

Some  of  the  endothelial  leukocytes  usually  fuse  to  form  one  or 
more  giant-cells  which  occupy  a more  or  less  central  position  among 
the  remaining  leukocytes.  'Udien  the  miliary  tubercle  reaches  a 
certain  size,  necrosis  of  fibroblasts,  of  the  blood-vessel  endothelium, 
and  of  the  endothelial  leukocytes,  begins  in  the  center  of  the  lesion 
and  spreads  peripherally.  The  giant-cells  are  also  gradually 
involved  in  the  necro.sis. 

Necrosis. — The  necrosis  in  a miliary  tubercle  is  due  to  the  en- 
dothelial leukocytes  accumulating  in  the  blood-vessels  and  lymiih- 
spaces  to  such  an  extent  as  to  occlude  the  ve.ssels  and  thereliy 
cut  off  nutrition.  The  process  is  perfectly  analogous  to  what 
often  takes  place  in  typhoid  lesions,  l)ut  is  continuous  and  pro- 
gressive instead  of  ceasing  aliruptly.  This  is  because  no  immunity 
occurs  as  in  typhoid  fever. 

It  is  claimed  by  some  that  the  necrosis  in  tuberculosis  is  the 
direct  result  of  toxins  derived  from  the  tuliercle  bacillus.  If  this 
were  so  then  the  endothelial  leukocytes  and  the  giant-cells  con- 
taining the  bacilli  ought  to  be  destroyetl  fir.st  in  the  reaction. 
This  does  not  occur. 

It  is  noticeable  that  the  nuclei  both  in  the  endothelial  leuko- 
cytes and  in  the  giant-cells  tend  to  arrange  themselves  in  that 
part  of  their  cytoplasm  farthest  removed  from  the  advancing 
necrosis. 

Regeneration  of  Fibroblasts.-  If  the  tuberculous  process  and 
the  necro.sis  advance  rapidly  enough  peripherally,  no  regeneration 
on  the  part  of  the  surrounding  connective-tissue  cells  is  jiossible. 
They  are  destroyed  along  with  the  other  cells.  Ordinarily,  how- 
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ever,  as  soon  as  necrosis  takes  place  and  fibroblasts  are  destroyed 
along  with  the  other  cells,  jiroliferation  of  the  surrounding  con- 
nective-tissue cells  takes  place,  that,  is,  fibroblasts  regenerate 
because  of  injury  to  fibroblasts,  and  tend  to  surround  and  infiltrate 
the  miliary  tubercle  to  take  the  place  of  those  destroyed.  They 
extend  in  between  the  endothelial  leukocytes  and  invade  and 
gradually  organize  the  necrotic  material  in  the  center  of  the  tuber- 
cle. Perhajis  the  stimulating  influence  of  the  fibrin  in  the  tubercle 
]ilays  some  part  in  organization.  The  tubercle  bacilli  die  out, 
the  endothelial  leukocytes  disappear,  and  the  site  of  the  tubercle 
is  occupied  liy  a spherical  mass  of  connective  tissue.  The  new 
collagen  fibrils  become  fused  together  and  often  hyaline  in  ap- 
pearance. The  lesion  may  be  regarded  as  healed. 

Regeneration  of  Connective  Tissue. — The  new-formed  con- 
nective tissue  forms  a wall  of  secondaiy  defense  around  the  lesion 
and  is,  apparently,  often  useful  in  limiting  the  spread  of  the  tuber- 
cle bacilli  when  they  are  not  destroyed  as  the  result  of  the  inflam- 
matory exudation. 

The  regenerative  activity  on  the  part  of  the  fibroblasts  is 
rarely  so  active  in  man  as  in  cattle;  in  these  animals  in  certain 
situations,  as  in  the  peritoneal  cavity,  it  often  leads  to  such  over- 
gro\vi:h  of  the  connective  tissue  that  the  tubercles  are  raised  above 
the  surface  on  papillary  stalks. 

Apparently  no  regeneration  of  blood-vessels  occurs;  on  the 
other  hand,  the  ca]hllaries  around  a tubercle  are  often  prominent 
owing  to  congestion. 

In  the  liv('r  the  miliary  tubercles  do  not  tend  ordinarily  to 
progress;  the  same  is  often  true  in  lymjih-nodes  and  in  some  of 
the  other  organs.  Tlie  tubercle  bacilli  are  in  some  way  or  other 
prevented  from  multiplying  and  s])reading. 

Lymphocytes. — Cells  of  th(‘  lymphocyte  series  are  attracted 
around  tubercles  and  sometimes  into  them  in  varying  numbers. 
The  attractive  force  seems  to  come  from  disintegrating  cells  rather 
than  from  any  chemotaxis  on  the  part  of  the  tubercle  bac'illus. 
Eosinophiles  and  mastcells  play  a very  slight  role. 

Miliary  Tubercle. — The  size  of  a miliary  tubercle  re])resents 
the  extent  to  which  the  toxins  exert  their  cluanotactic  attraction 
for  endothelial  leukocytes.  Bacilli  carricnl  to  the  ]ieriphery  of  a 
tubercle  by  direct  growth  or  by  the  migratory  actions  of  endothelial 
leukocytes  containing  them,  become  new  centers  of  attraction 
and  thus  lead  to  tlu'  formation  of  other  s])herical  accumulations 
of  endoth(*lial  leukocytes.  If  th(>  centers  of  attraction  start  in 
the  periplu'ry  of  the  first  tubercle,  they  necessarily  become 
crescent-shapc^d  accndions  on  the  surface.  Phis  is  the  way  in 
which  the  .small,  so-called  conglomerate  tubercles  arise,  more 
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often  than  from  the  fusion  of  several  sejiarate  and  distinct  miliary 
tubercles. 

It  is  customary  to  a])ply  the  term  epithelioid  cells  to  the  cells 
composing  the  miliary  tubercles. 

The  epithelioid  cells  in  a young  tubercle  are  endothelial  leuko- 
cytes: in  a late  tubercle  where  the  connective  tissue  is  actively 
regenerating  they  are  partly  or  largely  fibroblasts.  These  two 
types  of  cells  should  be  recognized  and  named  accordingly,  and  the 
indefinite  term  epithelioid  cell  should  be  given  up  so  far  as  possilile. 

After  necrosis  has  started  in  a tubercle  other  endothelial  leuko- 
cytes are  attracted  and  invade  the  necrotic  material;  they  often 
appear  at  the  edge  of  the  necrosis  with  their  nuclei  radially  ar- 
ranged, pointing  towards  the  center. 

Sometimes  the  necrosis  in  tuberculosis  is  so  slow  in  formation 
and  the  cells  destroyed  are  so  quickly  removed  that  the  condition 
is  scarcely  evident  or  may  lie  absent.  This  condition  is  sometimes 
found  in  lymph-nodes. 

Thrombi  of  Endothelial  Leukocytes. — In  the  spleen  miliary 
tuliercles  similar  in  appearance  to  those  in  the  liver  and  lungs 
are  often  formi'd  in  great  numbers.  They  involve  the  small 
blood-vessels  and  the  intervening  splenic  tissue,  (dccasionally, 
however,  lesions  of  another  sort  are  evident.  The  tubercle  bacilli 
cairied  by  endothelial  leukocytes  to  the  larger  terminal  veins, 
attract  large  numbers  of  other  endothelial  leukoc3des  around  them 
within  the  vein,  so  that  the  lumen  ma}"  be  filled  and  occluded  b,v 
them.  As  the  leukocytes  remain  within  the  vein  and  closely  coni- 
jiacted  together  it  seems  best  to  regard  them  as  a thronilius  forma- 
tion, analogous  to  the  kind  frequentl,y  formed  l\y  the  conglutination 
of  blood  platelets,  dhe.se  collections  of  endothelial  leukoc^des 
within  veins  may  be  focal  or  diffuse  in  character. 

Lymphatics,  tubercle  liacilli  carried  along  lymphatics  into 
h'mph-nodes  may  be  taken  up  by  the  lining  endothelial  cells,  or  be 
carried  into  the  parench^TOa  and  give  ri.se  to  focal  lesions,  or  thev 
ma\'  remain  within  endothelial  leukocytes  in  the  .sinu.ses  and  lead 
to  large  focal,  or  more  often  diffuse,  collections  of  other  endothelial 
haikocj'tes.  Associated  with  the  leukocytes  are  usually  con- 
siderable .serum,  much  fibrin,  and  a varying  number  of  l^ympho- 
cytes.  Lesions  of  this  t^'pe  are  frequent  in  the  huniih  sinu.ses  of 
l}"mph-nodes  and  in  the  lymphatics  of  the  intestine. 

Tuberculous  Inflammation. — Sometimes  the  tubercle  liacilli 
are  spread  rapidl}^  and  diffu.sel,v  through  the  smaller  lymph-spaces, 
probably  largely  or  entirely  b\'  the  activity  of  endothelial  ami 
lioh’morphonuclear  leukoc\'tes,  and  give  ri.se  to  a very  diffuse  type 
of  tuberculous  lesion.  The  mo.st  marked  example  of  this  t\qie  of 
lesion  occurs,  perhaps,  in  the  meninges,  where  we  ma>'  get  an  acute 
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diffuse  inflammatory  exudation  consistinj>‘  of  serum,  flbrin,  endo- 
thelial and  })olymor]ihonuc‘lear  leukocytes  and  lymphocytes  in 
varying;  pro])ortions.  More  or  less  definite  miliary  tul)ercles  may 
be  combined  with  this  diffuse  process.  Occasionally  in  miliary 
tuberculosis  of  the  liver  a diffuse  infiltration  of  the  periportal  con- 
nective tissue  with  endothelial  leukocytes  containing  tubercle 
bacilli  may  occur.  A similar  acute  diffuse  process  may  occur  in 
the  hyperemic  tissue  surrounding  an  old  tuberculous  lesion. 

In  the  lung  the  development  of  the  miliary  tubercle  is  not  so 
readily  followed  as  in  the  liver.  The  bacilli  are  taken  up  l)y  endo- 
thelial cells  in  the  capillaries  of  the  walls  of  the  alveoli  and  lead 
to  a focal  collection  of  endothelial  leukocytes.  These  leukocytes 
and,  therefore,  the  whole  lesion  may  remain  in  the  wall  between 
adjoining  alveoli  and  cause  great  thickening  of  it,  but  often  in 
adults  and  always  in  children  some  of  the  micro-organisms,  as 
they  multiply,  reach  the  alveolar  spaces  on  each  side  of  the  wall 
and  cause  an  exudation  within  these  cavities.  The  lesion,  there- 
fore, takes  on  partly  or  largely  the  character  of  a miliary  tubercu- 
lous pneumonia  and  the  reaction  is  readily  recognized  as  exudative. 
Serum  and  fibrin  api^ear  in  addition  to  the  endothelial  leukocytes, 
and  lym])hocytes  also  are  usually  present. 

Tiibercle  bacilli  freciuently  obtain  entrance  to  other  epithelial 
cavities  (including  those  lined  with  mesothelium)  besides  those  in 
the  lungs,  such  as  the  tubules  and  pelvis  of  the  kidney,  the 
glands  of  the  ])rostate,  the  oviduct,  etc.  In  all  these  situations 
it  gives  rise  to  an  inflammatory  exudation  similar  in  character 

to  that  already  described.  , rr.  . -a 

Resemblance  of  the  Lesions  to  Those  Produced  by  the  Typhoid 
Bacillus.— The  lesions  of  tuberculosis  in  their  early  stages  may 
closely  resemble  those  produced  in  typhoid  fever  in  the  same 
organs,  particularly  in  the  mesenteric  lymph-nodes,  liver  and 
spleen  The  cellular  reaction  consisting  chiefly  or  entirely  of  an 
accumulation  of  endothelial  leukocytes  is  much  the  same.  The 
tuberculous  lesions  tend  to  be  more  focal  in  character;  they  are 
usually  characterized  by  the  presence  of  giant-cells  which  are  very 
rare  in  typhoid-fever;  they  tend  to  progress  and  spread  indefinite  y 
and  to  undergo  necrosis,  while  the  typhoid  ])rocess  ceases  abruptly 
after  a definite  period,  and  necrosis  is  not  so  definitely  associated 
with  it.  In  typhoid  fever  an  antitoxin  is  as  a rule  quickly  produced 
and  neutralizes  the  injurious  action  of  the  typhoid  bacilli  In 
tuberculosis  the  same  cells  at  work  are  unalile  to  counteract  the 
toxins  of  the  tubercle  bacilli. 

Chronic  Tuberculosis.— So  far  we  have  discussed  the  early, 
beginning  lesions  produced  by  the  tubercle  bacillus  m various 
situations;  in  capillaries  and  larger  blood-vessels,  m lymph-spaces 
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and  vessels,  and  in  epithelial-lined  cavities,  and  have  shown  that 
the  reaction  consists  chiefly  of  an  accumulation  of  endothelial 
leukocytes  around  the  bacillus.  As  a rule,  a number  of  these 
leukocytes  fuse  together  to  form  one  or  more  giant-cells.  Under 
certain  rather  rare  conditions  the  polymorjihonuclear  leukocyte 
plays  the  more  important  role.  In  addition  to  these  leukoc.ytes, 
serum,  fibrin,  lymphoc\ytes,  and  eosinopliiles  ma}^  be  added  in 
varying  jjroportions,  according  to  the  location  of\he  organisms. 
It  is  necessary  now  to  follow  the  changes  which  occur  when  tlie 
duration  of  the  injurious  action  of  the  tubercle  liacillus  is  not  for 
days  and  weeks  but  for  months  and  j^ears;  in  other  words,  when 
the  tuberculous  jirocess  is  chronic.  ’ 

Conglomerate  Tubercle.  The  typical  miliary  tubercle  is 
spheiical  in  shape  and  represents  the  limit  of  attraction  for  leuko- 
cytes exerted  hy  a single  tubercle  bacillus,  or  bv  a small  group  of 
them.  A miliary  tubercle  does  not  enlarge  p^fectly  uniformly 
because  the  bacilli  in  it  do  not  extend  evenl}^  in  all  directions 
towards  the  periphery  in  consequence  of  more  favorable  conditions 
of  nutrition  at  one  point  than  at  another;  more  often  they  are 
carried  out  by  endothelial  leukocytes.  Whenever  they  reach  the 
suiface  or  approach  it  they  become  ne^v  centers  of  attraction  In 
this  way  crescent-shaped  portions  of  new  tubercles  are  formed  on 
the  surface  of  the  old  miliary  tubercle  so  that  there  develops  first 
a sinall  and  then  a large  conglomerate  tubercle.  The  necrosis 
which  sttyted  in  the  center  of  the  miliary  tubercle  extends  perijih- 
eially  with  the  enlargement  of  the  conglomerate  tubercle. 

Solitary  Tubercle.  The  conglomerate  tubercle  rarel}^  continues 
to  develop  evenly  and  to  retain  its  more  or  less  s])herical  shape. 

1 he  reason  for  this  lack  of  symmetric  growth  is  to  lie  found  chief!}-' 
in  tlie  anatomic  structure  of  the  tissues  in  wdiich  the  tuliercles 
cevelop.  In  most  of  the  tissues  large  lymph-  and  blood-vessels 
and  epithehal-lmed  spaces  exist.  These  are  quickly  invaded  by 
le  tulieicle  bacilli  and  then  the  pathologic  process  caused  by  them 
usually  spreads  rajiidly  and  irregularly.  In  the  brain,  however, 
a lesion  started  by  a single  tubercle  bacillus  frequently  has  the 
opportunity  to  reach  its  full  anti  perfect  development.  This  is 
owing  to  the  fact  that  large  portions  of  this  organ  are  uniformly 
solid  and  pos.sess  only  .small  blood-  and  lymph-vessels.  Lesions 
starting  m the.se  portions  frequently  develo])  into  the  large  rounded 
nias.ses  known  as  solitary  tubercles.  They  consist  for  the  most  ]xirt 
Of  necrotic  material  surrounded  hy  a narrow  zone  of  tul)erculous 
is.sue  composed  of  imperfect  miliary  tubercles,  and  are  limited  by  a 
connective-tissue  cajisule.  This  cajisule  is  being  constantly  invaded 
lA  tubercle  bacilli  conveyed  to  it  from  within,  iirobably  by  the 
migratory  activity  of  endothelial  leukocytes,  so  that  new'  tubercles 
13 


194 


PATHOLOGIC  HISTOLOGY 


are  as  constantly  developing  within  it.  Rarely  the  new  tubercles 
start  at  the  outside  of  the  connective-tissue  capsule  in  the  adjoining 
brain  tissue.  The  surrounding  blood-  and  lymph-vessels  are  so 
small  that  the  tuberculous  process  rarely  invades  and  extends 
along  them.  But  if  a solitary  tubercle  finally  reaches  a ventricle 
or  the  meninges,  then  a very  active  and  extensive  tuberculous 
process  may  start  up  and  ciuickly  cause  death. 

\'ery  rarely  favorable  conditions  allow  the  developement  of 
solitary  tubercles  in  other  organs  than  the  brain,  as,  for  example, 
in  the  liver. 


Fig.  114. — Tuberculosis  of  lung.  Process  extending  into  a vein.  M. 


Thrombus  Formation.— A miliary  tubercle  in  the  wall  of  a 
blood-ve.ssel  or  a tuberculous  lesion  on  the  outside  of  the  vessel, 
which  involves  the  wall  and  leads  to  necrosis,  may  Itring  about  the 
formation  of  a fibrinous  thrombus  inside  of  the  vessel.  In  such  a 
thrombus  tubercle  bacilli  sometimes  multiply  in  great  numbers. 
They  may  attract  many  polymorphonuclear  leukocytes  which 
digest  and  soften  the  thrombus.  In  this  way  the  bacilli  may  be 
set  free  and  cause  ainite  miliary  tuberculosis.  This  is  a common 
way  for  this  form  of  lesion  to  arise. 
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Caseation —Attention  has  been  called  to  the  fact  that  as  tlie 
miliary  tubercle  enlarges  the  tissue  cells,  and  later  the  leukocytes 
in  the  center  of  it,  undergo  necrosis.  In  the  lesions  starting  in  the 
larger  blood-  and  lymph-vessels  and  in  epithelial-lined  cavities 
the  necrosis  at  first  involves  only  the  leukocytes,  but  the  sur- 
rounding tissue  cells  are  affected  later. 

The  necrosis  in  tuberculosis  seems  to  be  due  chiefly  or  entirely 
to  the  endothelial  leukocytes  plugging  the  blood-  and  lymph-ves.sels 
and  cutting  oft  nutrition.  The  necrosis  as  a rule  spreads  gradually 


Fig.  11.5. — Tuberculou.s  thrombus  in  blood-ve.ssel  in  lung.  M. 

and  uniformly  peripherally.  It  takes  place  in  tissue  so  infiltrated 
with  endothelial  leukocytes  that  the  parench.ymatous  cells  and 
other  tissue  markings  (blood-vessels,  fat-cells,  etc.)  have  usually 
flisappeared  and  can  rarely  be  made  out  in  the  necrotic  areas. 

In  certain  situations,  however,  some  of  the  tissue  markings  are 
often  well  preserved  for  a certain  length  of  time,  as,  for  example, 
in  the  lung  in  caseous  pneumonia.  The  walls  of  the  alveoli  are 
usually  perfectly  evident  microscopically  for  some  time  after  the 
exudative  and  the  tissue  cells  have  been  dcstro.yed.  The  collagen 
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and  elastic  fibrils  persist  for  a long  time  and  can  readily  be  dem- 
onstrated by  the  siiecial  staining  methods  used  for  them. 

There  is  nothing  peculiar  in  the  necrosis  of  tuberculosis  beyond 
the  fact  that  it  consists  chiefiy  or  entirely  of  necrotic  endothelial 
leukocytes,  that  it  usually  but  not  necessarily  contains  much 
fibrin,  and  that  ordinarily  it  does  not  undergo  softening.  Usually 
more  or  less  fat  is  ]iresent  because  the  cells  die  slowly  (necrobiosis) 
and  hence  accumulate  a certain  amount  of  fat  before  they  become 
necrotic.  The  term  caseation  is  ajiiilied  to  it  because  of  the  homo- 
geneous, opaque  white  to  yellow  appearance  which  it  presents  on 
gross  examination,  but  much  the  same  a])pearance  is  presented  by 
the  necrotic  material  in  a gumma  or  in  an  infarct,  or  in  necrosis  of 
portions  of  a tumor. 


Fig.  116. — Tubercle  bacilli  in  thrombus  in  blood-vessel  in  lung.  M. 


Caseation  is  most  marked  in  tulierculous  lesions  (>f  the  lymiih- 
nodes  and  lungs,  and  in  solitary  tubercles  of  the  brain. 

Caseous  material  may  piTsist  almost  indefinitely  in  the  human 
body,  but  it  tends  gradually  to  undergo  one  of  three  clumps  which 
will  now  be  considcnal,  luimely,  calcification,  softening  including 
ulceration,  and  organization. 

Calcification.— The  necrotic  tissue  in  tuberculous  lesions  tn- 
cMiently  attracts  lime  salts  and  leads  to  their  deposit.  Probal.ly 
the  fat  present  in  the  caseous  material  as  the  result  of  necrobiosis 

f)lays  an  important  part  in  the  ])roc('ss.  i • i . 

Calcification  is  inon;  common  in  some  organs  than  m otliers. 
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thus  it  is  of  frequent  occurrence  in  the  peribronchial  and  cervical 
lyini)h-nodes,  in  the  lung  and  in  the  spleen,  but  rare  elsewhere.  ' 

Occasionally  the  fibroblasts  adjoining  these  deposits  of  lime 
sidts  are  stimulated  in  some  way  so  that  they  invade  them,  organize 
them,  and  become  transformed  into  true  bone  cells. 

Softening,  Abscess.  Lnder  certain  conditions  and  in  certain 
situations  the  caseous  material  in  tuberculous  lesions  undergoes 
soltenmg  and  abscess  formation.  Apparently  the  softenino-  is 
always  due  to  the  attraction  of  many  polymorphonuclear  leuko- 
cytes into  the  caseous  material  which  they  dissolve  through  the 
action  of  the  ferments  they  secrete.  Sometimes  at  least  the  leuko- 
cytes  are  attracted  by  a very  active  multiplication  of  the  tubercle 
aci  1.  It  IS  from  the  rupture  of  such  abscesses  into  blood-  and 
ym])h-channels  that  cases  of  acute  miliary  tuberculosis  frequently 

. caseous  material  itself  attracts  leukocytes 

m sufficient  numbers  just  as  occurs  in  softening  of  bland  parietal 
thrombi  of  the  heart.  This  happens  most  frequently  in  tubercu- 
losis of  the  liones,  especially  of  the  bodies  of  the  vertebne  (Pott’s 
disease  of  the  spine). 

_ Softening  occurs  most  often  in  lymiih-nodes,  in  the  lungs,  and 
in  the  gemto-urmary  apparatus.  Apparently  in  some  situations 
it  does  not  take  place,  for  example,  in  solitary  tubercles  of  the  brain. 

Sometimes  the  softening  in  tuberculous  lesions  is  due  to  sec- 
ondary invasion  with  the  common  jiyogenic  organisms.  Naturally 
such  invasion  IS  more  likely  to  occur  in  the  lung  and  in  certaiii 
other  organs  than  m lymph-nodes  or  in  the  brain.  In  one  instance 
large  sloughs  m a tuberculous  abscess  of  the  lung  were  due  to  the 
complicating  action  of  the  staphylococcus  jiyogenes  aureus;  both 
organisms  were  present  in  masses. 

Ulceration.— Ulceration  of  tuberculous  lesions  is  common  in 
all  situations  when  they  adjoin  a surface  or  originate  there  As 
the  le.sion  develops  and  the  necrosis  extends  the  jirotecting  cover- 
mg  cells  of  the  surface  are  destroyed  and  the  necrotic  material 
IS  thereby  exposed  to  the  macerating  effect  of  fluids  and,  in  many 
instances,  to  invasion  by  a variety  of  organisms.  Such  ulcerations 
are  most  common  in  the  intestine,  the  urinary  bladder,  and  the 
trachea  and  bronchi.  When  they  occur  in  a blood-vessel,  as,  for 
example,  m the  wall  of  the  aorta,  they  may  result  in  the  formation 
01  a tuberculous  aneurysm  from  which  many  tubercle  bacilli  may 
le  qischarged  into  the  circulation  and  thus  cause  acute  generalized 
nnhary  tuberculosis. 

Regeneration  of  Fibroblasts. — In  chronic  tuberculous  lesions 
regeneration  of  connective-ti.ssue  cells  is  constantl.y  going  on  as  a 
resu  of  destruction  of  fibroblasts.  As  soon  as  necrosis  begins  in  a 
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miliary  tubercle  the  surrounding  fibroblasts  begin  to  proliferate, 
provided  the  tuberculous  process  does  not  extend  so  rapidly  as  to 
destroy  them.  The  new-formed  connective-tissue  cells  grow  in 
between  the  endothelial  leukocytes  at  the  periphery  of  the  tubercle 
and  gradually  invade  and  replace  the  necrotic  tissue.  The  endo- 
thelial leukocytes  disappear  and  the  bacilli  are  apparently  de- 
stroyed. In  man}"  instances,  for  example  in  the  liver  and  in  lym])h- 
nodes,  this  process  results  in  complete  repair  of  the  lesion  which  is 
replaced  by  dense  fibrous,  usually  hyaline,  connective  tissue. 
In  chronic  lesions  a similar  process  is  going  on  all  the  time;  in 
some  places  it  is  successful;  in  others  it  is  not.  There  is  another 
cause,  however,  in  chronic  tuberculous  lesions  which  often  results 
in  a more  active  proliferation  of  fibroblasts  and  that  is  fibrin. 

Organization  of  Fibrin. — Much  fibrin  is  usually  formed  as  a 
result  of  the  inflammatory  reaction  to  the  tubercle  bacillus  when 
situated  outside  of  blood-vessels.  It  is  often  evident  even  in 
miliary  tubercles  where  occasionally  it  may  be  so  abundant  as  to 
form  a hyaline  reticulum  similar  to  that  seen  in  a diphtheritic 
membrane.  It  is  especially  abundant  in  lesions  involving,  for 
example,  the  pleural  and  pericardial  cavities,  the  lungs,  the 
meninges,  the  lymph  sinuses  of  lymph-nodes.  Wherever  it  ap- 
pears fibrin  stimulates  organization  by  blood-vessel  endothelium 
and  by  fil)roblasts,  or  by  fibroblasts  alone. 

Organization  of  the  fibrin  formed  in  tuberculous  lesions  differs 
from  that  occurring  elsewhere  only  in  the  peculiarity  that  wherever 
a tubercle  bacillus  is  caught  and  retained  in  the  advancing  granula- 
tion tissue  it  becomes  the  focus  of  a new  tuberculous  lesion.  I his 
is  well  known  in  the  case  of  tuberculous  plcuritis  and  j)ericarditis, 
but  not  so  generally  recognized  in  the  case  of  tuberculous  pneumo- 
nia and  some  other  lesions.  IMuch  of  the  dense  fibrous  tissue  formed 
in  the  lungs  in  tuberculosis  is  the  result  of  the  organization  of  fibrin. 

In  consequence  of  regeneration  of  connective  tissue  and  of 
organization  of  necrotic  material  and  esiiecially  of  fibrin,  much 
fibrous  tissue  is  in  time  formed  as  the  result  of  tuberculous 
lesions,  especially  in  the  lungs. 

Perhaps  the  reason  so  little  connective  tissue  is  formed  in  con- 
nection with  tuberculous  ulcers  of  the  intestine  and  of  some  other 
locations  is  that,  owing  to  maceration  and  sloughing  off  of  the 
necrotic  material  and  of  any  fibrin  formed,  there  is  little  stimula- 
tion of  the  fibroblasts  to  jiroliferate. 

So  far  the  lesions  produced  by  the  tubercle  bacillus  have  been 
described  almost  entirely  from  the  general  point  of  view.  Fully 
to  appreciate  them,  however,  it  is  necessary  to  describe  the  lesions 
briefly  as  they  affect  the  more  important  organs  and  tissues  of  the 

body. 


SPECIAL  INJURIOUS  AGENTS  AND  LESIONS  THEY  PRODUCE  199 

Two  or  three  preliminary  statements  are  perhaps  necessary. 

Acute  Miliary  Tuberculosis. — Acute  generalized  miliary  tu- 
berculosis is  due  to  the  sudden  or  continuous  discharge  of  many 
tubercle  bacilli  into  the  circulation.  It  usually  happens  from  one 
of  the  following  causes: 

1.  Softening  and  rupture  of  a tuberculous  thrombus  in  a blood- 
vessel ; 

2.  Softening  of  a tuberculous  lesion  with  rupture  into  a blood- 
vessel ; 

3.  Tuberculous  ulcer  or  aneur^^sm  of  the  aorta  or  other  blood- 
vessel ; 

4.  Tuberculosis  of  the  thoracic  duct. 

If  there  is  a single  active  focus  of  tuberculosis  an3Avhere  in  the 
body,  bacilli  are  likely  to  be  carried  occasionally  from  it  into  the 
circulation  b\"  endothelial  leukocytes  and  they  ma}^  then  give 
rise  to  miliary  tubercles  elsewhere  in  the  body.  Vhe  bacilli 
are  most  apt  to  lodge  in  the  liver  or  spleen. 

A single  bacillus  carried  to  the  meninges,  to  the  peritoneal 
or  other  mesothelial  cavity,  or  to  a l^vmph-node  may  result  in 
miliary  tuberculosis  in  those  situations  owing  to  rapid  multiplica- 
tion and  distribution  of  the  organisms. 

Chronic  Tuberculosis. — The  character  and  extent  of  the  chronic 
lesions  produced  by  the  tubercle  bacillus  depend  largely’-  on  the 
location  of  the  primary  lesions.  The}^  are  simplest  when  the 
tissue  surrounding  them  is  compact  and  lacking  in  large  blood-  and 
b'mph-vessels  and  in  cavities  lined  with  epithelium ; they  are  most 
complex  when  all  these  anatomic  structures  are  present.  I^or 
this  reason  the  solitar\^  tubercle  of  the  brain  represents  the  simplest 
Type  of  chronic  lesion,  tuberculosis  of  the  lungs  perhaps  the  most 
complex  type. 

A single  tuberculous  lung  may  show  miliar}'-  tubercles  arising 
from  bacilli  distributed  through  biood-  and  Ivmph-vessels;  miliary 
tuberculous  pneumonia;  extensive  caseous  ])neumonia;  softening 
and  cavit\"-formation;  calcification;  regeneration  of  connective 
tissue;  organization  of  fibrinous  exudate  with  reinfection  with  the 
tubercle  bacillus;  tuberculous-thrombus  formation  in  one  or  more 
blood-vessels;  ulceration  of  bronchi. 

Liver.  Infection  occurs  almost  invariabl}^  through  the  Idood, 
usuall}^  through  the  hepatic  artery,  less  often  through  the  portal 

vein.  Infection  b.y  direct  extension  or  through  l\uni)hatics  is  very 
rare. 

The  follovung  t}"pes  of  lesion  are  recognized. 

1.  Acute  Miliary  Tuberculosis. — The  lesions  ma}^  be  located 
in  any  part  of  the  lobule,  but  are  commonest  in  the  neighborhood 
of  the  portal  vessels.  ** 
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An  occasional  miliary  tuliercle  is  likely  to  be  found  in  the  liver 
if  any  active  tuberculous  lesion  exists  in  the  bodjL  The  liver  acts 
as  a filter  and  catches  and  retains  them.  INIiliary  tubercles  of  the 
liver  tend  to  remain  quiescent  after  reaching  a certain  size.  They 
become  encajisulated  and  heal.  The  development  of  the  miliary 
tubercle  in  the  liver  has  already  lieen  described.  Giant-cells  are 
usually  prominent,  but  sometimes  rare  or  absent. 

2.  Bile  Duct  Tuberculosis. — Rarely  the  tubercle  bacillus  invades 
the  periportal  connective  tissue  and  produces  a diffuse  inflamma- 
tory reaction,  consisting  chiefly  of  endothelial  leukocytes.  Giant- 
cells  are  sometimes  formed.  This  diffuse  process  may  liecome 
chronic,  undergo  caseation,  involve  the  bile  ducts,  and  lead  to 
escape  of  bile  which  colors  the  caseous  material. 


Fig.  1 17. — Tubercle  bacilli  in  miliary  tubercle  of  .spleen.  M. 


3.  Solitary  Tubercle. — This  lesion  is  uncommon  but  has  been 
described.  It  must  be  carefully  differentiated  from  gumma  by 
demonstrating  the  presence  of  the  tubercle  bacillus  in  the  lesion. 

Spleen. — Infection  occurs  through  the  blood. 

1.  Acute  Miliary  Tuberculosis. — It  is  a common  le.sion  and 
occurs  whenever  there  is  generalized  miliary  tuberculosis. 

2.  Miliary  Thrombi  of  Endothelial  Leukocytes. — Occasionally 
the  terminal  v(‘ins  are  distended  by  endothelial  leukocytes  at- 
tracted by  the  tubercle  bacilli.  This  lesion  closely  resembles  that 
which  occurs  in  the  spleim  in  typhoid  fever.  It  has  already  been 
described. 

3.  Conglomerate  Tubercles. — They  are  usually  small,  and  often 
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calcified,  but  on  occasion  the  spleen  is  much  enlarged  and  shot 
through  with  conglomerate  tubercles  of  all  sizes. 

Lymph-node.  Ihe  hmiph-nodes  most  commonly  infected  are 
the  cervical,  jieribronchial,  and  mesenteric. 

Infection  usually  takes  place  through  the  lymphatics,  rarely 
through  the  blood.  The  tubercle  bacilli  may  be  di.stributed  quite 
rapidly  and  evenly  throughout  the  node  by  the  ameboid  action  of 
the  endothelial  leukocytes  carrying  them,  in  the  same  way  that 
caibon  is  carried  to  the  node  and  distributi'd.  The  organisms 
transported  into  the  pulp  give  rise  to  miliaiy  tubercles;  those 
which  remain  in  the  sinuses  cause  an  accumulation  of  endothelial 
leukocytes  which  fill  and  distend  the  vessels  for  a certain  distance. 
In  addition  to  the  leukoc3des,^  l^^mphocjdes,  serum  and  fibrin  in 
var3ung  projiortions  are  usuall3^  present.  A lesion  in  the  pulp 
ma3'  extend  to  a sinus  and  infect  it,  or  the  reverse  mav  occur. 
Both  types  of  lesions  are  commonly  found  if  the  tuberculous  proc- 
ess is  not  too  far  advanced.  At  a later  stage  the  two  t3"pes 
are  generally  more  or  less  combined  and  fused.  An  early  exten- 
sive tuberculous  lesion  in  the  l3miph  sinuses  may  closely^  resemble 
that  occurring  in  tyj^hoid  infection. 

The  miliary  lesions  gradually  spread,  and  if  multiple,  fuse, 
so  that  in  time  the  entire  node  ma3^  be  transformed  into  a caseous 
mass  with  all  its  landmarks  destroyed.  It  is  limited  peripherally 
by  a fibrous  capsule,  just  inside  of  which  endothelial  leukocytes 
and  giant-cells  are  commonly  iwesent  to  some  extent  and  indicate 
the  nature  of  the  pathologic  process. 

Softening  and  calcification  are  two  processes  which  caseous 
l3^mph-nodes  not  infrequently  undergo. 

These  acute  and  chronic  lesions  are  those  ordinarily  found. 
Two  other  types,  however,  occasionally  occur. 

Sometimes  the  reaction  in  a l3miph-nodc  is  ver3^  slow.  The 
cells  and  leukoc3’tes  are  dissolved  and  removed  as  fast  as  the3’' 
undergo  necrosis,  so  that  no  caseation  is  evident  and  no  giant- 
cells  are  formed.  The  fibroblasts  regenerate  more  or  less  activel3L 
As  a result  the  entire  node  is  replaced  by  focal  areas  of  endothelial 
leukoc3’tes  and  fibroblasts  which  suggest  miliary'  tubercles  some- 
what by  their  arrangement.  The  organisms  are  so  few  that  it 
usually^  requires  animal  inoculation  to  demonstrate  the  nature  of 
the  lesion. 

Still  more  rarely  each  miliary  tubercle  as  formed  is  rapidly 
replaced  by  active  regeneration  of  fibroblasts,  so  that  it  is  trans- 
formed into  a miliary^  mass  of  fibrous  tissue  which  in  time  often 
becomes  hyaline  in  appearance. 

Lungs. — Infection  may  occur  through  the  blood,  the  re.spira- 
tory  tract,  and  possibly  the  hunphatics. 
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It  is  simplest  to  divide  the  lesions  first  into  two  groups,  acute 
and  chronic. 

1.  Acute  Miliary  Tuberculosis. — The  tubercle  bacilli  reach  the 
lung  through  the  blood-vessels.  Miliary  tubercles  may  develop 
in  the  walls  of  the  alveoli  and  remain  confined  to  them.  Fre- 
quently, however,  in  adults  and  always  in  children,  the  bacilli 
reach  the  alveoli  on  each  side  of  the  alveolar  wall  and  produce  what 
anatomically  is  a miliary  tulierculous  pneumonia.  This  has 
already  been  described  under  the  miliary  lesions. 

2.  Chronic  Tuberculosis. — The  first  lesion  may  arise  from  a 
bacillus  brought  l)y  the  blood  or  through  the  air  passages;  per- 
haps occasionally  through  the  lymjihatic  system.  As  the  lesion 
enlarges  and  spreads  it  is  almost  sure  to  involve  all  three  of  these 
tracts  and  to  extend  along  all  of  them.  It  is  likely  to  extend 
quickest  and  most  extensively  through  the  alveoli  and  bronchi 
setting  up  numerous  other  foci  of  infection;  the  lymphatics  are 
more  often  involved  than  the  lilood-vessels. 

The  gross  jiictures  presented  by  chronic  tuberculosis  of  the 
lungs  vary  greatly.  They  are  built  up  out  of  the  following  ele- 
mentary lesions  and  jirocesses  which  have  already  lieen  to  some 
extent  described. 

1.  Miliary  Tubercles. — They  are  constantly  developing  wdier- 
ever  bacilli  are  carried  from  the  existing  lesions.  The  miliary 
lesions  in  chronic  tuberculosis  arise  chiefly  from  liacilli  carried 
along  the  lymphatics,  but  also  from  organisms  distributed  through 
the  alveoli  and  lironchi  and  carried  into  the  walls  by  endothelial 
leukocytes.  Possibly  a few  bacilli  are  carried  througli  the  blood- 
vessels. 

From  the  miliary  tuliercles  develop  conglomerate  tubercles 
which  may  reach  a considerable  size. 

Necrosis  regularly  occurs  when  the  tul)ercles  reach  a certain 
size.  Calcification  of  the  necrotic  material  sometimes  takes  jilace. 

2.  Tuberculous  Pneumonia. — The  lesions  may  be  miliary  in 
size  or  very  extensive.  The  miliary  lesions  are  due  to  single 
liacilli  distributed  here  and  there,  chiefly  through  the  air  cavities. 
The  extensive  areas  are  usually  due  to  numerous  liacilli  being 
discharged  into  a bronchus  from  an  old  tuberculous  cavity  in  the 
lung. 

Many  miliary  and  conglomerate  tubercles  are  surrounded  by 
a tuberculous  exudate  in  the  alveoli. 

When  the  liacilli  are  few  and  the  fibrin  in  the  exudate  abundant 
in  tuberculous  pneumonia  organization  frcxpiently  takes  ]dace. 
More  often,  however,  the  exudate  and  the  alveolar  walls  gradually 
undergo  necrosis.  It  is  to  this  jiicture,  when  at  all  extensive,  that 
the  term  caseous  pneumonia  is  ajiplied. 
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Sometimes  the  process  is  limited  almost  entirely  to  the  lironchi 
which  become  occludetl  by  caseous  material. 

Many  apparently  miliary  and  conglomerate  tubercles  are  really 
a combination  of  tuberculous  pneumonia,  organization  of  fibrin, 
and  tubercle  formation. 

3.  Softening;  Abscess  Formation;  Cavity  Formation. — Softening 
of  tuberculous  lesions  is  fairly  common  in  the  lung.  Sometimes 
it  is  due  to  invasion  of  the  necrotic  material  by  pus  jiroducing 
organisms,  but  this  does  not  appear  to  be  the  rule.  The  softened 
area  or  abscess  may  discharge  into  a bronchus  and  give  rise  to  ex- 
tensive caseous  pneumonia,  or  into  a blood-vessel  and  cause  acute 
generalized  miliary  tuberculosis. 

In  other  instances  the  discharged  material  is  mostly  coughed 
up.  Large  blood-vessels  and  bronchi  often  persi.st  as  trabecula? 
in  the  cavities  thus  formed.  If  a blood-vessel  is  eroded,  more  or 
less  extensive  and  even  fatal  hemorrhage  may  occur. 

4.  Regeneration  of  connective  tissue  is  usualh'^  in  evidence 
around  miliary  and  conglomerate  tubercles  and  may  become  quite 
abundant,  especially  Avhen  these  lesions  cease  to  progress  and  the 
necrotic  material  becomes  organized.  Much  of  the  connective 
tissue,  however,  perhaps  the  greater  part  of  it,  is  due  to  organiza- 
tion of  the  fibrin  produced  as  a result  of  the  inflammatory  exudate 
into  the  air-sacs.  From  both  these  causes,  extensive  fibrosis  is 
sometimes  produced  in  veiy  chronic  tuberculosis  of  the  lungs, 
and  by  contracting  leads  to  shrinkage  of  the  lung  and  to  deformity 
of  the  chest. 

5.  Tuberculous  lymqihangitis  in  the  perilironchial  l\unphatics  is 
not  uncommon.  The  exudate  gradually  undergoes  caseation  in 
the  same  manner  as  the  exudate  in  the  air-.sacs. 

6.  Fibrin  thrombi  occasionally  form  in  the  pulmonary  vessels 
and  may  partially  to  coinjiletely  occlude  them.  They  usually 
form  when  a tuberculous  lesion  adjoins  and  invades  a vessel. 
Tubercle  bacilli  sometimes  grow  luxuriantly  in  these  thrombi 
and  subsequent  softening  and  rujiture  of  the  mass  may  discharge 
great  numbers  of  tubercle  bacilli  into  the  circulation  and  give  rise 
to  acute  generalized  miliarv  tuberculosis. 

7.  Tuberculous  ulcerations  of  the  bronchi  sometimes  occur  and 
may  be  fairly  extensive. 

8.  Secondary  infections  especially  with  the  streptococcus  pyo- 
genes and  the  staphjdococcus  pyogenes  aureus  are  not  infrequent; 
they  necessarily  coinjilicate  and  may  even  obscure  the  tuberculous 
process. 

BACILLUS  LEPR^ 

Introduction. — The  leprosy  bacillus  causes  a variety  of  lesions 
which  since  ancient  times  have  all  been  grouped  together  under 
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the  general  term  leprosy.  The  lesions  develop  slowly  and  tend  to 
persist  indefinitely.  They  may  affect  any  part  of  the  body,  Init 
occur  most  commonly  in  the  skin  of  the  face  and  extremities  and 
in  the  nasal  mucous  membrane.  They  are  disfiguring  in  character 
and  often  produce  marked  deformity.  Largely  on  this  account, 
because  the  lesions  affect  the  most  conspicuous  parts  of  the  body, 
infection  with  the  le])rosy  bacillus  is  universally  feared  and  dreaded; 
yet  long  experience  has  demonstrated  that  the  disease  is  very 
slightly  contagious. 

The  lesions  of  leprosy  tend  to  progress  steadily  like  those  of 
tuberculosis.  There  never  occurs  an}^  general  immunity  as  in 
typhoid  fever  or  any  local  immunity  as  in  syiihilis. 

Clinically  two  types  of  the  disease  are  recognized,  the  nodular 
and  the  amesthetic.  This  is  an  artificial  distinction  depending  on 
whether  the  nerves  are  involved  or  not.  The  two  tyjies  often  co- 
exist. 

Micro-organism. — The  leprosy  bacillus  with  its  characteristic 
morphology  and  staining  reaction,  in  both  of  which  it  closely 
resembles  the  tubercle  bacillus,  is  usually  easily  demonstralile 
in  the  lesions  produced  by  it.  It  may  be  overlooked,  however, 
owing  to  the  readiness  with  which  the  stain  is  extracted  from  the 
organisms  in  dehydrating  and  clearing  the  sections.  The  lesion 
itself  is  fortunately,  as  a rule,  fairly  characteristic. 

From  the  pathologic  point  of  view  the  leprosy  liacillus  is  a very 
innocuous  parasite  which  grows  fairly  slowly  and  must  be  jiresent 
in  large  numbers  in  order  to  produce  any  noticeable  reaction  and 
macroscopic  lesion.  The  micro-organisms  do  not  occur  free  in  the 
tissues,  but  are  almost  invariably  contained  within  cells,  chiefly 
within  endothelial  leukocytes,  much  less  commonly  within  epi- 
thelial cells,  and  only  occasionally  inside  of  polymorphonuclear 
leukocytes.  They  are  present  in  these  cells,  es]:>ecially  in  the 
endothelial  leukocytes,  usually  in  large  numliers,  from  dozens  to 
hundreds.  This  is  particularly  true  of  the  leukocytes  in  the  more 
acute  lesions.  But  in  old  lesions  when  the  endothelial  leukocytes 
are  often  large  and  vacuolati'd,  the  liacilli  may  be  few  in  number, 
lying  in  the  cytoplasm  between  the  vacuoles. 

In  the  more  acute  lesions  the  bacilli  may  be  diffusely  scattered 
in  the  cytoplasm  of  the  endothelial  leukocytes,  l)ut  more  often 
they  are  grouped  in  clumps  in  solid  roumh'd  and  elongated  masses 
of  which  one  to  several  or  many  may  occur  in  a single  leukocyte. 

Toxin. — The  toxins  produced  by  the  leprosy  bacillus  are  ex- 
ceedingly mild.  Possibly  they  consist  only  of  the  fat  ]woduced 
within  the  body  of  the  organism.  This  fat  may  be  readily  demon- 
strated by  staining  with  Scharlach  R,  or  with  osmic  acid.  After 
the  latter  stain  the  separate  bacilli  can  be  readily  seen  under  the 
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oil  immersion.  No  matter  how  main'  baeilli  are  iiresent  in  a cell, 
and  the}'  often  number  hundreds,  they  never  cause  necrosis  of  that 
cell.  Death  of  the  cells  results  only  secondarily  from  obliteration 
of  blood-vessels  and  consequent  cutting  oft’  of  nutrition. 

No  secondary  lesions  are  jiroduced  in  the  kidneys  or  in  any 
other  organs  by  elimination  of  any  toxin  derived  froiii  the  organ- 
isms. 

Injury.— No  direct  injury  to  the  tissues  due  to  a toxin  derived 
from  the  leprosy  bacillus  is  demonstrable.  The  injury  occasioned 
is  secondary  in  origin,  due  to  the  inflammatory  exudation. 

Reaction.— The  reaction  to  the  leprosy  bacillus  is  of  the  mildest 
type;  it  consists  only  of  an  accumulation  of  endothelial  leukocytes 


Fig.  1 IS.— Leprosy  nodule  of  skin.  Baeilli  within  endothelial  leukocytes.  M. 


without  other  evidence  of  inflammatory  exudation.  The  leuko- 
cytes collect  together  practically  only  so  fa.st  as  they  are  needed 
to  contain  the  lepro.sy  bacilli.  Ap]iarently  there  is  little  or  no  need 
of  them  to  counteract  any  diffusible  toxin  as  in  the  lesions  of 
typhoid  fever  and  of  tuberculosis. 

The  endothelial  leukocytes  containing  bacilli  gradually  in- 
filtrate the  normal  tissues  in  great  numbers  and  di.stend  them.  In 
this  way  they  lead  to  nodule  formation.  The  leukocytes  are  de- 
rived ]jartly  by  emigration  from  the  vessels,  paiftly  by  mitosis  of 
the  nev  ly  emigrated  leukocytes.  In  recent  lesions  mitotic*  figures 
are  not  infrequent,  but  apparently  they  never  occur  in  leukocytes 
containing  bacilli. 

hroni  any  focus  of  infection  endothelial  leukocytes  containing 
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leprosy  bacilli  gradually  sju'cad  and  infiltrate  the  surrounding 
tissues,  such  as  fat  and  muscle-tissues,  nerves,  and  walls  of  blood- 
vessels. They  cause  atrophy  of  the  more  highly  differentiated 
cells  as  a result  of  the  pressure  exerted,  and  a moderate  amount  of 
proliferative  activity  on  the  part  of  fibroblasts.  As  a result 


g 

Pig  — Leprosy  bacilli,  a,  In  polymorphonuclear  leukocytes;  h 

and  c,  in  endothelial  leukocytes;  d and  e,  in  giant-cells  formed  from  endothelial 
leukocytes;  /,  in  enflothelial  leukocytes  containing  vacuoles;  g,  in  endothelial 
cells  lining  a capillary. 

smooth  and  striat(‘d  muscle-cells,  fat-cells,  and  nerve-fibers  dis- 
afipear,  and  connective  tissue  increases  moderately  in  amount, 
ddie  whole  process  is  so  slow  that  visible  necrosis  of  cells  as  a result 
of  the  infiltration  with  the  endothelial  leukocytes,  such  as  com- 
monly occurs  in  tuberculosis,  is  not  evident.  On  the  other  hand, 
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the  infiltration  of  the  walls  of  blood-vessels,  especially  of  arteries, 
leads  to  their  thickening,  often  to  a marked  degree,  and  to  the 
occlusion  of  the  lumen,  so  that  in  this  manner  necrosis  of  tissue 
may  occur.  In  this  way  retrogressive  changes  in  the  nodular 
lesions  arise,  anti  probably  the  gradual  destruction  and  loss  of  the 
smaller  extremities. 

The  endothelial  leukocyte  undergoes  considerable  change  as 
the  result  of  the  multiplication  of  leprosy  bacilli  within  its  c}'to- 
plasm.  It  gradually  enlarges,  sometimes  to  a very  great  size. 
Occasionally  the  leukocytes  contain  two  or  more  nuclei  and  rarely 
they  form  giant-cells  similar  to  those  in  tuberculosis.  The  bacilli 
usually  occur  in  the  cytoplasm  in  masses  jirobably  as  the  product  of 
centers  of  proliferation.  As  the  cells  get  older  many  of  the  bacilli 
die  and  they  and  their  fat  pro- 
ducts are  gradually  digested  and 
removed.  As  a result  the  leuko- 
cytes in  time  become  vacuolated 
and  many  contain  several  small 
or  one  or  more  large  vacuoles. 

ithin  these  vacuoles  fat  derived 
from  the  organisms  may  be 
present. 

The  leprosy  bacilli  may  in 
time  become  very  few  in  number 
and  lie  scattered  in  the  c}do- 
plasm  between  the  vacuoles. 

These  large  vacuolated  endo- 
thelial leukoc.vtes  are  especially 
characteristic  of  lej)rosy.  When 
they  are  present  in  fat-tissue 
they  sometimes  closely  resemble 

young  developing  fat-cells.  In  the  liver  and  spleen  and  in  lymph- 
nodes  these  vacuolated  cells  form  a ver}^  characteristic  picture. 

I he  leprosy  bacillus  does  not  lead  to  the  emigration  of  the 
polymorphonuclear  leukocytes.  On  the  other  hand,  if  necrosis 
occurs  from  occlusion  of  blood-vessels,  or  if  through  mechanical 
injury  or  secondary  infection,  polymorphonuclear  leukoc3des  are 
attracted  into  tissue  containing  leprosy'  l)acilli,  the  latter  ma.y  be 
taken  up  to  some  extent  by  these  leukoc^des,  but  such  inclusion  is 
not  of  frequent  occurrence. 

Lepiosy  bacilli  not  infrequentb"  infect  the  endothelial  cells 
lining  blood-vessels,  especially'  those  in  the  larger  cajnllaries  and 
m arteries.  They'  may'  occur  in  masses  in  sejjarate  cells  here  and 
there,  but  more  usually'  all  the  cells  over  a given  stretch  are 
affected.  This  infection  of  the  endothelial  cells  lining  blood- 


Fig.  120. — Leprosy.  Giant- 

cell  containing  a spicnlatod  body 
and  also  nnincrous  leprosy  bacilli. 
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vessels  leads  to  no  proliferative  or  exudative  reaction.  On  the 
other  hand  it  is,  of  course,  a common  source  of  infection  of  the 
wall  ol  the  blood-vessel  and  of  the  surrounding  tissues. 

Leprosy  bacilli  also  infect  epithelial  cells.  They  are  found 
most  often  in  the  epithelium  lining  the  coil  glands  which  are  of 
necessity  so  often  involved  in  the  leprosy  lesions  of  the  skin.  The 


c d 

Fig.  121.— Leprosy  bacilli,  a,  In  epithelial  cells  of  epidermis;  h,  in  epi- 
thelial cells  lining  coil  gland;  c,  in  lumen  of  coil  gland;  d,  fat -droplets  in  epi- 
thelial cells  of  coil  gland. 


bacilli  occur  in  .small  clumps,  and  do  not  lead  to  marked  enlarge- 
ment of  the  cells  as  in  the  case  of  the  endothelial  leukocytes, 
ddie  bacilli  are  easily  distinguislu'd  from  the  larger,  round  masses 
of  hyaline,  fierhaps  fatty,  material  which  occurs  in  the  epithelial 
cells  of  the  coil  glands  and  stains  differentially,  like  the  tubercle 
bacillus.  The  leprosy  bacilli  may  be  found  not  only  in  the  deeper 
portions  of  the  coil  gland,  but  also  in  the  part  running  through  the 
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epidermis  and  even  in  the  cornified  layer  on  the  outer  surface. 
Occasionally  the  bacilli  lie  free  within  the  lumen  of  a coil  gland  and 
may  be  ])resent  there  in  such  large  numbers  as  to  dilate  it  con- 
sideiabl^.  A patient  thus  affected  is  cajiable  of  ^bsweating^’ 
leprosy  bacilli. 

The  lepro.sy  bacillus  is  sometimes  jiresent  in  con.siderable 
numbeis  in  the  epithelial  cells  of  the  epidermis.  This  occurs  most 
commonly  by  extension  of  the  infection  from  the  epithelial  cells 
in  the  coil  glands  at  the  points  where  they  pass  through  the  ejii- 
derniis.  bonietimes  all  the  epithelial  cells  over  a given  area  will 
be  filled  with  the  bacilli  which  give  rise  to  no  reaction  of  any  sort 
around  them. 

^’■ery  rarely  the  epidermis  of  a hair  follicle  is  invaded  by  the 
leprosy  bacillus  which,  by  growth  and  extension  of  the  hair  shaft, 
may  reach  the  surface  of  the  bod}^  in  the  same  way  that  it  doe.s 
through  the  coil  glands. 

The  leprosy  bacillus  probably  spreads  from  one  cell  to  another 
by  direct  extension,  growing  out  of  one  cell  and  into  another  or 
being  incorporated  by  the  latter.  This  view  is  especiall}'  favored 
by  the  location  and  spread  of  the  organism  in  contiguous  epithelial 
and  endothelial  cells.  The  same  method  of  extension  probably 
holds  good  for  the  endothelial  leukocytes.  Certainly,  there  is  no 
evidence  in  the  ordinary  uncomplicated  lesions  that  the  organisms 

are  set  free  by  necrosis  of  cells  containing  them  so  that  other  cells 
can  take  them  up. 

Cells  of  the  lymphocyte  series  frequently  infiltrate  and  sur- 
round the  more  acute  leprosy  lesions.  They  are  proliably  at- 
tracted, not  by  any  toxin  from  the  leprosy  bacilli,  but  by  iiroducts 
set  free  by  the  atrophy  and  disintegration  of  the  more  highly 
differentiated  tissue-cells. 


ACTINOMYCES 

The  actinomyces  produces  jirogre.ssive  lesions  of  a chronic 
^3 PC  ''Inch  arc  all  included  under  the  term  actinomycosis.  In- 
fection with  the  organi.sm  is  common  in  cattle  in  whom  the  disease 
IS  known  as  lumjj  jaw;  it  is  conqiaratively  rare  in  man.  Infec- 
tion occurs  most  frequently  by  way  of  the'gastro-intestinal  tract, 
paiticularly  in  the  mouth  where  the  opjiortunities  for  invasion 
aie  gieatest,  lait  it  sometimes  starts  in  the  lungs,  or  in  the  skin. 
In  the  mouth,  and  especially  about  the  lower  jaw,  the  lesions  begin 
as  hard  nodules  which  soften  and  rujAure  so  that  discharging 
sinuses  are  formed.  In  the  lung  the  actinomyces  jiroduces  lobular 
imeumonia  and  absce.sses  from  which  cavities  mav  arise.  Here 
rhe  iR'ocess  may  .strongly  suggest  tuberculosis.  The  lesions  of  the 
ungs  shov  a marked  tendency  to  involve  adjoining  structures  by 
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direct  extension,  for  example,  the  liver  and  particularly  the  ribs 
and  vertebrae. 

The  organism  occasionally  obtains  entrance  to  the  circulation 
and  produces  multiple  abscesses  in  various  parts  of  the  body,  such 
as  the  skin,  muscles,  kidneys  and  brain. 

Infection  occurs,  not  by  transference  from  an  infected  case, 
but  through  the  agency  of  grain  and  hay  on  which  the  organism 
seems  to  occur  normally. 

Histologically  the  actinomyces  usually  forms  a conspicuous 
and  characteristic  feature  in  the  lesions  which  it  produces,  and  has 
perhaps  naturally  attracted  more  attention  than  the  inflammatory 
reaction  caused  by  it. 

Micro-organism. — The  actinomyces  appears  in  the  lesions  to 
which  it  gives  rise  as  branching  filaments,  as  bacilli,  sometimes  in 
still  shorter  forms  resembling  cocci.  Still  more  characteristically, 


Fig.  122. — Actinomycete.s  growing  diffu.sely  in  exudation. 


it  often  appears  in  the  form  of  small  and  large  colonies  frequently 
surrounded  by  a striated  hyaline  zone,  the  separate  elements  of 
which  are  spoken  of  as  clubs.  In  human  beings  the  resistance  to 
the  growth  of  the  micro-organism  is  active  but  not  very  effective; 
the  parasite,  therefore,  multiplies  rapidly  and  numerous  filaments 
occurring  singly,  in  loose  tangles,  and  in  colonies,  are  often  abun- 
dant. The  hyaline  clubs  are  usually  rare  and  often  entirel,y 
wanting.  They  probably  represent  a protective  secretion  of  the 
marginal  filaments. 

The  colonies  are  readily  visible  to  the  naked  e}^e  as  grayish 
or  grayish-white  granules. 

In  cattle  the  growth  of  the  organism  is  usually  less  active  and 
more  chronic,  and  the  actinomycetes  ajipear  for  the  most  jiart 
as  colonies  surrounded  by  a well  developed  layer  of  clubs. 

The  organisms  extend  from  the  original  focus  partly  by  direct 
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I),  small  colony  showing  filaments  within  clubs. 
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growth,  partly  by  being  transferred  liy  leukocytes  which  have 
incorporated  them.  Sometimes  a lesion  extends  into  a iilood- 
vessel;  in  this  way  the  organisms  may  be  distributed  all  over  the 
})ody. 

The  actinomyces  colonies  measure  u]:)  to  one  and  even  two 
millimeters  in  diameter.  The  fully  developed  ones  usually  form 
somewhat  flattened  ovoid  masses  with  an  o]:>ening  on  one  side 
communicating  with  the  interior.  They  show  up  well  even  in 
sections  stained  with  hematoxylin  and  eosin,  l)ut  are  made  to 
stand  out  most  strikingly  by  a deep  eosin  stain  followed  by  the 
Gram-Weigert  meth}d -violet  method. 

Toxin,  Injury  and  Reaction. — The  organism  produces  a toxin 
of  considerable  strength  so  that  more  or  less  extensive  necrosis  is 

always  produced.  The 
exudate  consists  chiefly 
of  serum  and  poly- 
morphonuclear leuko- 
cytes. When  t h e 
growth  of  the  organism 
is  less  active  endothelial 
leiikoc^des  may  lie  more 
or  less  numerous. 
R a r e 1 3^  foreign  1 >ody 
giant-cells  are  formed. 
The  a1)scesses  resemble 
those  caused  by  the 
staphjdococcus  aureus 
and  other  pus  organ- 
isms, l)ut  are  not  so 
raj:)idly  formed. 

Repair.  — The  re- 
parative  activity 
around  the  lesions  of 
actinomycosis,  particularly  when  they  are  at  all  chronic,  is  usually 
strikingly  characteristic.  The  separate  colonies  or  grou])S  of  colo- 
nies are  surrounded  by  granulation  tissue  and  outside  of  this 
there  is  often  much  fibrous  tissue. 

It  is  not  easy  to  determine  just  how  the  organisms  sju’ead  from 
such  encapsulatf'd  lesions,  but  it  is  probably  in  two  ways;  liy 
diri'ct  invasion  of  the  capsule  in  ]:>laces  so  that  necrosis  and  soften- 
ing are  produci'd  and  further  extension  rendered  possible,  and 
))ossibly  by  organisms  being  carried  to  other  parts  by  endothelial 
leukocytes  in  which  they  are  often  found. 

In  cattle,  in  which  tlu'  growth  of  the  organism  is  usually  much 
less  active,  the  lesion  is  characterized  by  the  production  of  masses 


Fig.  124. — Actinomycosis  hovis.  ('olony 
with  clubs  surrounded  by  polymorphonuclear 
and  endothelial  leukocytes. 
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of  fibrous  tissue  iu  wliich  are  minute  softened  areas  containing-  the 
colonies  of  the  organism,  surrounded  by  a broad  zone  of  dubs. 
The  inflammatory  reaction  is  composed  of  a few  polymorph()- 
nuclear  and  often  also  of  endothelial  leukocytes.  Sometimes  it 
consists  of  the  latter  leukocytes  alone.  Occasionally  single  clubs 
or  small  clumps  of  clubs  can  lie  found  within  endothelial  leukocytes. 

Diagnosis.— The  gross  lesion  produced  by  the  actinomyces  is 
often  moie  or  less  chaiacteristic,  but  the  diagnosis  is  made  by 
finding  the  colonies  in  the  pus  from  tlie  abscesses  or  sinuses. 
They  should  be  sought  and  identified  microscopically  lioth  fresh 
on  a slide  with  a cover-slip  dropped  gently  on  the  material,  and  also 
in  fixed  preparations  stained  by  Gram’s  method. 

Special  Pathology. — In  the  gastro-intestinal  tract,  but  par- 
ticularly in  the  mouth  and  intestine,  the  lesions  appear  for  the  most 
pait  as  chionic  supjiurating  sinuses  lined  with  granulation  tissue 
and  with  much  fibrous  tissue  outside  of  them.  The  lesions  exhibit 
a strong  tendency  to  spread. 

In  the  lungs  the  organisms  are  readily  distributed  through  the 
bionchi.  ^ They  produce  lobular  pneumonia  and  also  abscesses 
fiom  V hich  cavities  arise.  Irecjuently  much  filirin  is  formed  in 
the  exudation  and  may  undergo  organization,  so  that  consideralile 
fibrous  tissue  may  arise  in  this  Avajx 

In  the  liver  the  infection  may  spread  rapidly  causing  extensive 
necrosis  and  a diffuse  suppurative  process,  or  slowly  so  that  much 
fibrous  tissue  is  formed  in  Avhich  are  numerous  large  and  small 
liockets  of  pus. 

Infection  of  bone  causes  a chronic  inflammatory  process.  The 
cells  of  the  connective  tissue  produced  from  the  osteal  cells  as  a 
result  of  repair  tend  to  differentiate  into  bone  cells;  as  a result  the 
lesions  tend  to  exhibit  the  iiroduction  of  much  bone. 

In  the  other  organs,  kidneys,  lirain,  muscle,  etc.,  the  lesions 
usually  take  the  form  of  abscesses  of  coinjiaratively  slow  formation, 
so-called  cold  abscesses. 

TREPONEMA  PALLIDUM 

Introduction.  The  treponema  pallidum  is  the  cause  of  various 
lesions  which  are  all  includcil  under  the  term  syphilis.  Infection 
ivitii  it  may  be  acquired  or  congenital. 

In  acquired  s.yphilis  infection  takes  ]ilace  almost  invariably  on 
a cutaneous  or  mucous  surface  and  leads  to  the  formation  of  a 
primary  lesion.  Later,  the  micro-organism,  like  many  other 
infectious  agents,  gives  rise  to  a septicemia  and  causes  multiple 
usually  slight  lesions  which  are  most  evident  in  the  skin  and  visilile 
niucous  membranes.  These  lesions  may  soon  disajipear,  or  ])er- 
sist  for  a long  time,  or  develop  into  larger  lesions.  Still  other 
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lesions  may  develop  anywhere  in  the  body  in  the  succeeding  months 
and  years. 

Syphilis  is  peculiar  in  several  ways.  The  lesions  develop  very 
slowly.  Under  natural  conditions  a septicemia  apparently  always 
follows  the  primaiy  lesion.  The  lesions,  unlike  tliose  due  to  the 
tubeicle  liacillus  and  many  other  infectious  agents,  do  not  tend  to 
sjiread  indefinitely.  After  a variable  length  of  time  they  retrogress 
and  undergo  repair,  although  new  lesions  may  start  up  in  other 
locations.  Evidently  both  local  and  general  acquired  immunity 
plays  an  active  jiart  in  limiting  the  growth  of  the  organisms  and  the 
development  of  the  lesions. 

For  the  sake  of  convenience  three  stages  in  the  development  of 
the  lesions  in  acquired  syphilis  have  long  been  recognized  clinically. 
The  fir-st  includes  the  development  of  the  primary  lesion;  the 
second  the  lesions  immediately  following  the  septicemia;  the  third 
all  the  later  lesions  due  to  the  immediate  presence  of  the  treponema 
pallidum,  whether  they  develop  out  of  the  secondary  lesions  or 
arise  independently  after  them. 

It  is  difficult  to  determine  how  soon  the  septicemia  takes  place. 
We  know,  however,  that  the  tre])onema  spreads  very  early  from  the 
site  of  primaiy  infection  through  the  lymph-vessels  to  the  adjoining 
lym]ih-nodes.  jNIoreover  experiments  have  shown  that  excision 
of  infected  skin  a few  hours  after  inoculation  will  not  prevent  the 
development  of  the  disease.  Judging  from  the  length  of  time 
elapsing  between  the  infection  and  the  first  ap]iearance  of  the 
primary  lesion,  a general  septicemia  exists  at  least  three  to  four 
weeks  before  the  secondary  lesions  appear. 

Acquired  Syphilis. — Primary  Stage. — The  early  course  of  the 
infection  in  acquired  syphilis  is  much  alike  in  all  cases.  There  is  a 
primary  lesion  which  is  often  multiple  and  which,  in  about  ninety 
to  ninety-two  ]ier  cent  of  the  cases,  starts  on  the  genitals,  in  the 
other  eight  to  ten  per  cent  on  the  tonsils,  lips,  tongue,  skin,  etc. 
The  primary  lesion,  known  clinically  also  as  chancre  or  hard 
chancre,  develops  slowly  at  the  site  of  infection.  It  starts  as  a 
papule  which  becomes  evident  at  about  the  twenty-first  to  twenty- 
eighth  day  after  the  date  of  infection,  and  which  cjuickly  or  from 
the  beginning  exhibits  erosion  of  its  surface.  The  underlying 
tissue  becomes  thickened  and  indurated.  At  the  same  time  the 
regional  lymph-nodes  enlarge  considerably  and  become  distinctly 
harder. 

The  first  stage  of  syphilitic  infi'ction  usually  lasts  until  about 
six  weeks  after  the  time  the  ])riniary  lesion  first  appeared. 

SecomPmj  Stage. — 44iis  liegins  with  the  development  of  the 
multiple  cutaneous  lesions  as  the  result  of  the  general  systemic 
infection  with  the  treiionema  pallidum.  It  usually  occurs  at  about 
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the  forty-second  day  after  the  first  aiipearance  of  the  primary 
lesion,  l)ut  often  later.  Various  lesions  generally  but  not  always 
manifest  themselves;  a variety  of  cutaneous  lesions  called  syiihi- 
lides  (macular,  papular,  pustular,  squamous);  mucous  patches, 
cond^domas,  iritis.  Lesions  of  a similar  inflammatorv  nature 
probably  occur  in  the  internal  organs  and  tissues,  but  are  not  within 
reach  of  observation. 

The  duration  of  the  second  stage  is  variable,  from  weeks  to 
months. 

Tertiary  Stage. — All  the  later  manifestations  of  infection  with 
the  treijonema  pallidum  are  included  in  the  tertiary  stage  which 
has  no  limit  of  time  but  lasts  till  the  patient  dies.  They  may 


Fig.  12.'). — Hyphilis,  congenital.  Liver.  Treponemata  pallida  I)etween  the 
liver  cells  and  around  the  sinusoids. 

occur  in  the  skin  as  the  so-called  later  syphilides  and  in  the  various 
organs  and  tissues  (liver,  testicles,  muscle,  lirain  and  meninges, 
bones)  as  diffuse  and  focal  inflammatory  processes.  Infection  of 
the  blood-vessels,  chiefly  the  arteries,  causes  thickening  of  their 
walls  and  frequently  leads  to  partial  or  complete  occlusion  of  the 
lumen.  hen  more  or  less  extensive  necrosis  is  jjresent,  chiefly 
or  entirely  as  the  result  of  obliteration  of  blood-vessels,  the  lesion 
is  called  a gumma. 

byjdulis  is  very  commonl}'  coinjilicated  by  amyloid  formation 
in  various  organs. 

Congenital  Syphilis. — In  congenital  sy'philis  infection  occurs 
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in  iitero.  No  primary  external  lesion  is  formetl.  The  disease 
ma}'  be  said  to  start  at  the  secondary  sta^'e.  All  the  various  lesions 
which  develop  in  acquired  syiihilis  may  l)e  duplicated  in  congenital 
syphilis  with  the  excejition  of  the  iirimary  sore  or  chancre.  As 
a rule,  however,  the  lesions  are  of  a milder  type  and  more  ex- 
tensively distributed.  The  inflammatory  reaction  is  usually 
slight  and  gummas  are  of  rare  occurrence.  On  the  other  hand, 
abundant  production  of  connective  tissue  as  the  result  of  regener- 
ative proliferation  of  fibroblasts  is  a usual  and  prominent  feature 
in  various  organs,  but  especially  so  in  the  liver.  Occasionally  the 
reaction  is  more  or  less  intense  and  all  the  secondary  and  tertiary 
lesions  of  acquired  syphilis  may  be  present  in  the  congenital  form. 


Fig.  12(3. — .Syphilis,  congenital.  Heart.  Tre{)oneinata  pallida  present  in 
large  numbers  in  nerve  and  its  sheath. 


Micro-organism. — The  treponema  pallidum  is  a very  delicate, 
cork-screw-like  micro-organism  with  one  or  more  cilia  at  each  end. 
It  is  stained  faintly  in  cover-slip  preparations  by  (liemsa’s  and 
Wright’s  methods.  For  demonstrating  it  in  sections  only  L(wa- 
diti’s  method  is  at  present  available.  The  method  is  unsatis- 
factory for  two  reasons:  it  deposits  a preci]iitate  on  the  surface 
of  the  organi.sms  making  them  a]>pear  larger  than  they  really  are; 
and  it  is  very  unreliable,  often  failing  to  stain  the  treponemas  even 
when  they  are  present  in  large  numliers.  It  also  renders  necessary 
for  the  study  of  syphilitic  lesions  a parallel  series  of  sections;  one 
set  .stained  for  organisms,  the  other  for  cell  changes. 
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The  treponeiiui  pallidum  is  often  iiresent  in  enormous  numbers 
in  the  lesions  which  it  produces,  in  iirimaiy  lesions,  mucous 
patches,  condylomas  and  esiiecially  in  the  liver  and  other  organs 
in  congenital^  syphilis.  At  other  times  it  is  very  difficult  to  find 
any  at  all.  This  absence  of  organisms  may  be  due  to  the  acqui- 
sition of  local  immunity  or  to  antisyphilitic  treatment. 

Location  of  Treponema  Pallidum.— The  treponema  is  fouml 
chiefly  in  two  situations,  between  the  epithelial  cells  of  the  eiii- 
dermis,  and  most  often  and  abundantly  in  connective  tissue  where- 
ever  it  occurs,  as  sulicutaneously,  in  various  organs  and  tissues,  and 
m blood-vessels  and  nerves.  It  lies  in  the  minute  lym])h-si)aces 
between  the  cells  and  the  various  fibrils,  and  especial  1}^  between 
the  collagen  fibrils.  When  it  is  found  in  the  lumina  of  blood- 
vessels, bile-ducts,  etc.,  and  in  epithelial  cells  it  has  probably 


Fig.  127.— Syphili.s,  congenital.  Heart.  Treponemata  pallida  in  connective 

ti.ssne  and  between  mu.scle-fihers. 


invaded  them  postmortem  as  the  organisms  are  very  actively 
motile.  The  organism  sometimes  occurs  within  giant-cells  and 
may  possibly  be  taken  up  liy  endothelial  leukocytes. 

Toxin.  The  treponema  pallidum  ]iroduces  a very  mild  toxin 
vhich  is  locally  diftusible  and  is  absorbed  along  the  lymjih-spaces 
and  vessels.  A]iparenth^  it  requires  numerous  organisms  and  some 
time  (days  to  weeks)  to  produce  enough  toxin  to  injure  the  fixed 
tissue-cells  and  to  attract  leukocytes. 

Injury.  It  is  important  in  studying  the  lesions  produced  in 
syphilis  to  distinguish  between  the  primary  injury  due  to  the 
direct  action  of  the  toxin  and  that  secondary  to  obstruction  of 
blood-vessels.  The  primary  injury  is  difficult  to  demonstrate. 
The  organisms  may  be  present  in  large  numbers  without  evidence 
o injury  or  reaction  around  them.  In  time,  however,  the  epi- 
c ermis  over  a chancre  or  a mucous  patch  disajipears,  evidently  as 
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the  result  of  necrosis  slowly  jiroduced.  In  like  manner  in  con- 
nective tissue  the  fibroblasts  gradually  begin  to  proliferate  (re- 
generate) to  replace  those  adjoining  fibroblasts  which  have  been 
destroyed.  The  cells  have  been  killed  slowly  and  diffusely  here 
and  there,  not  in  large  visible  areas.  Hence  the  regeneration  is 
diffuse.  In  like  manner  fat-cells  and  smooth  and  striated  muscle- 
cells  may  be  gradually  destroyed. 

In  the  late  lesions  of  syphilis  necrosis  is  common  and  often 
extensive.  It  is  due  largely,  perhaps  entirely,  to  obstruction  of 
blood-vessels  and  cutting  off  of  the  blood  su]iply. 


Fig.  128. — Syphilis.  Primary  lesion.  Tissue  infiltrated  with  numerous 
endothelial  leukocytes;  one  of  them  is  in  mitosis. 

Reaction. — d'he  inflammatory  reaction  in  syjdiilis  takes  ])lace 
slowly.  It  consists  of  serum,  endothelial  and  polymor]ihonuclear 
leukocytes,  of  lymphocytes  and  occasional  1}''  of  eosinophiles.  The 
niimlicrs  in  which  the  cellular  elements  arc  present  and  the  pro- 
portion in  which  they  are  combim'd  vary  greatly.  Polymorjiho- 
nuclear  leukocjTes  may  be  entirely  absent,  or  lie  present  more 
numerously  than  any  otluT  cell  of  exudative  origin.  Lymphocytes, 
often  in  the  form  known  as  plasma  cells,  may  be  abundant  or  few. 
Mitosis  of  endothelial  leukocytes,  fibroblasts  and  lymphocytes  is 
fairly  frequent. 
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It  is  difficult  to  determine  how  much  of  the  reaction  is  due  to  the 
treponema  pallidum  and  its  toxin  and  how  much  is  due  to  the  ne- 
crotic cells  and  the  injurious  jiroducts  derived  from  them,  but  the 
latter  elements  certainly  play  an  important  part.  Thus  endothe- 
lial leukocytes  often  accumulate  in  large  numbers  around  arteries 
especially  when  the  smooth  muscle-cells  are  undergoing  necrosis’ 
and  also  around  fat-cells  when  they  have  been  destroyed.  Fat 
anti  its  iiroducts  attract  them  strongly. 


Fig.  129.  Syphilis,  acquired.  Pri; 

connoctive  tiss 


b 

lary  lesion.  Treponemata  pallida  in  (a) 
3 and  (6)  giant-cells. 


Oiant-cells  occur  rarely  in  chancres,  frequently  in  gummas, 
hey  are  probably  all  of  the  foreign  body  giant-ceil  tyjie,  due  to 
usion  of  endothelial  leukocytes.  The  inclusions  which  they  are 
attempting  to  digest  vary;  elastic  or  collagen  fibrils;  masses  of 
^nn,  most  often  fat  and  its  products.  They  may  also  form 
unt  er  certain  conditions  within  blood-vessels,  aiijiarently  around 
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tiT'iionemas,  and  in  this  location  possibly  from  endothelial  cells 
instead  of  leukocytes. 

The  inflammatory  reaction  in  the  different  lesions  due  to  the 
treiionema  jiallidum  is  essentially  the  same  although  the  gross  and 
clinical  manifestations  vary  greatly. 

Repair. — The  lesions  due  to  the  treponema  pallidum,  unlike 
those  caused  by  the  tubercle  liacillus  and  many  other  infectious 
agents,  tend  in  time  to  heal  instead  of  spreading  indefinitely,  be- 
cause the  organisms,  after  a varying  length  of  time,  die  out  locally, 
apiiarently  as  the  result  of  acciuired  immunity  in  the  aflected  area. 


Fig.  130. — Syphilis.  Primary  le.sion.  Treponemata  pallida  in  epidermis.  M. 

The  local  immunity  is,  perhaps,  due  to  substances  produced  by  the 
leukocytes  attracted  around  the  organisms. 

The  (leveloi)ment  of  syphilitic  lesions  may  also  lie  stop])ed  at 
any  moment  l)y  afipropriate  treatment. 

Repair  of  the  simph'  lesions,  those  in  which  no  extensive  necrosis 
has  occurred,  takes  jilace  by  destruction  of  the  treponemas,  gradual 
disappiTirance  of  the  leukocytes  and  diminution  in  the  number  of 
fibroblasts  with  contraction  of  the  collagen  fibrils.  The  lympho- 
cytes jiersist  longest  in  and  around  the  affected  area.  The  ulcer- 
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ated  surface  of  a chancre  lieals  in  the  same  way  as  an  ordinary  sur- 
face wound,  by  the  formation  of  granulation  tissue  wliich  is 
gradually  covered  over  with  epidermis,  ^^dlere  extensive  necrosis 
lias  occurred  as  in  gummas,  the  necrotic  tissue  is  slowly  dissolvi'd 
aiul  absorbed  by  the  action  of  leukocytes  and  an  ingrowth  of 
granulation  tissue.  In  time  its  place  is  taken  by  scar  tissue.  The 
most  extensive  scars  resulting  in  this  way  are,  iierhajis,  found  in 
the  liver  which  may  be  deeply  clefted  and  extensively  lobed  as  the 
result  of  necrosis  followed  by  reiiair. 


Fig.  1.31. — Syphilis.  Primary  losion.  Wall  of  hloo(l-vc.ssel  infiltr.ated  with 
many  endothelial  leukocytes;  mito.sis  of  one  of  them  (dia.ster). 

Pathologic  Histology. — Primary  Lesion,  Chancre,  Hard  Chancre. 
— Tlu'  primary  lesion  of  syphilis  starts  on  an  epithelial  surface. 
It  is  the  first  lesion  produced  Ity  the  treponema  ])allidum  just  as  a 
furuncle  often  is  with  the  stajiliylococciis  aureus,  the  malignant 
])ustule  with  the  anthrax  bacillus,  etc.  The  treponema  almost 
always  infects  the  epidermis  first  and  multiiilies  there  between  the 
cells  and  then,  later,  in\'ades  the  lymph-sjjaces  and  vessels  of  the 
corium.  It  is  usually  present  in  large  numbers.  The  injury  pro- 
duced is  slight  and  diffuse.  A cell  here'  and  there  is  destroyed  and 
disappears.  The  result  is  the  loss  of  the  epidermis  over  a certain 
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area  and  slight  to  moderate  erosion  of  the  corium.  The  infiamma- 
toi\  leaetion  is  mild.  It  consists  of  a moderate  inhltration  of  the 
affected  area  with  endothelial  leukocytes  and  of  a marked  accumu- 
lation of  lymphocytes,  chiefly  in  the  form  of  plasma  cells,  more 
abundantly  at  the  periphery  of  the  lesion  and  in  the  walls  of  the 
blood-vessels  than  in  the  lesion  itself.  The  endothelial  leukocytes 
are  sometimes  fairly  abundant  and  polymorjihonuclear  leukocytes 
may  be  added  to  them  in  variable  numbers.  Giant-cells  are  rare. 
Regenerative  proliferation  of  hbroblasts  is  fairly  active.  Exu- 


dation and  regeneration  take  place  in  the  corium  not  only  be- 
tween the  blood-vessels,  but  often  also  around  and  within  them, 
holding  to  narrowing  and  occasionally  to  olditeration  of  them. 

1 he  primary  lesion  starts  as  a papule  which  is  soon  transformed 
into  an  erosion  with  thick  indurated  base.  The  hardness  of  tlie 
chancre  seems  to  lie  due  rather  more  to  the  proliferation  of  hbro- 
blasts than  to  the  leukocytic  and  lymphocytic  inhltration. 

The  size  of  the  i)rimary  lesion  varies  considerably,  from  a few 
millimeters  to  four  centiiiKders  or  over  in  diameter.  It  is  regularly 
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accompanied  by  swelling  and  induration  of  the  regional  lymph- 
notles  (syphilitic  bubo)  which,  in  uncomplicated  cases,  show  little 
or  nothing  beyond  Ipyperjilasia  of  the  lymphocytes. 

Secoudcii  y Lesions,  ihey  represent  the  reaction  to  the  trep- 
onemas distributed  all  over  the  body  as  the  result  of  the  septicemia 
and  are  most  conspicuous  in  the  skin.  The  condylomas  are  often 
removed,_but  the  other  lesions  are  rarely  obtained  for  histologic 
e.xammation.  The  gross  manifestations  are  much  more  striking 
than  the  microscopic  changes  which  simply  show  various  combina- 
tions of  exudation  and  reiiair. 


I'ig.  l.UL  Syphilis,  congenital.  Heart.  Artery.  Adventitia  infiltrated  with 
numerous  endothelial  luekocytes.  M. 


Ihe  lesions  are  multiple,  slight  and  superficial.  They  heal 
vithout  leaving  any  scars.  Evidently  more  or  less  general  ac- 
quiu'd  immunit}^  prevents  their  development  l)e3'’ond  a certain 
moderate  degree,  except  in  rare  imstances. 

Tertiary  Lesions. — The  histologic  changes  in  the  tertiary'- 
GMons  have  lieen  practically  covered  under  injur}'  and  reaction, 
eie  it  is  needful  onl\'  to  emphasize  the  two  following  points. 

. tertiary  lesion  represents  an  infiammatorv  ixaiction  to  a 

mi  ( form  of  injur\'  anti  reparative  proliferation  of  the  fibroblasts 
a prominent  part  in  the  lesion. 
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T'i«;.  134. — S3'i)hilis,  acquired.  Brain.  Syphilitic  en(larteriti.s.  Ves.sel 
almost  occluded,  chieHy  by  infiltration  with  endothelial  leukocytes.  Many 
otlu'rs  together  with  polymorphonuclear  leukocytes  outside  of  tlie  vessel. 
Fibrin  at  tlie  periphery. 


k'ig.  13b. — Syphilis,  ac(|uired.  Liver.  Syphilitic  endarteritis.  Mitosis  of 

one  cell.  ^I. 
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2.  This  inflaminatory  lesion  is  often  eoni])lieated  by  more  or 
less  extensive  necrosis,  cine  to  obliteration  of  one  or  more  blood- 
vessels (usually  arteries)  in  or  adjoining  the  lesion,  owing  to  occlu- 
sion of  their  lumina  by  the  same  inflammatory  iirocess  taking  ])lace 
in  the  intima.  The  term  gumma  is  practically  restricted  to  those 
tertiary  lesions  in  which  necrosis  has  taken  place.  The  other 
lesions  are  classed  as  inflammatory  (periostitis,  meningitis,  endar- 
teritis, etc.).  ’ 

It  is  important  to  cover  liriefly  the  tertiary  lesicms  in  the 
piiuci])al  tissues  and  organs  of  the  body  so  that  scjme  connc'ctc*d 


liS-  l-3().  .Aorta.  Syphilis.  L^lastic  tissue  stain.  Necrosis  extending  into 
media.  Thickening  of  intima.  .M. 

ideal  of  the  treponema  jiallidum  and  the  pathologic  disturbance's 
vhich  it  may  cause  may  be  obtained.  First  in  im])ortance,  owing 
to  their  wide  distribution  and  their  relation  to  all  syphilitic  lesions 
and  especial!}^  to  gummas,  arc  the  blood-vessels. 

Blood-vessels. — Syphilitic  lesions  of  the  blood-vessels  are  of 
frequent  occurrence  and  of  great  importance.  The  treiionemas 
are  present  more  often  in  the  adventitia  than  in  the  intima,  but 
both  locations  are  frequently  infected  at  the  same  time.  Tlie 
media  maj'  thus  be  involved  from  either  or  both  sides.  The' 
mtiina  at  one  point  or  all  around  may  rapidly  thicken  up  and  cause 
narrowing  or  comjilcte  occlusion  of  the  lumen.  The  thickening  is 
15 
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due  to  an  infiltration  with  endothelial  leukocytes  often  combined 
with  lymphocytes  and  occasionally  with  }iolymorphonuclear  leuko- 
cytes. In  addition  the  filiroblasts  proliferate.  The  cell  changes 
correspond  with  those  produced  elsewhere  by  the  treponema.  As 
soon  as  the  blood-supply  is  cut  off  completely,  necrosis  occurs  and 
more  or  less  fibrin  is  formed. 

In  the  adventitia  much  the  same  reaction  takes  place.  As 
soon  as  necrosis  occurs,  probably  as  the  result  of  occlusion  of  blood- 
vessels, numerous  endothelial  or  polymorjihoniiclear  leukocytes 


Fig.  1.37. — Syphilis.  Aorta.  Syphilitic  cndaortitis.  Many  treponemata 

pallida  in  lesion.  M. 

or  both  are  attracted  by  the  products  of  the  disintegrating  cells. 
Occasionally  some  of  the  endothelial  leukocytes  fuse  around  sub- 
stances hard  to  dissolve,  such  as  elastic  fibrils,  masses  of  filirin, 
or  fat  and  its  products  and  form  foridgn  body  giant-cells. 

As  already  stated  necrosis  occurs  in  tuberculous  lesions,  usually 
owing  to  complete  infiltration  of  the  tissues  with  endothelial 
leukocytes  which  block  all  the  smaller  vessels  and  thus  cause 
necrosis  ami  disappi'aranci;  of  the  tissue  cells  before  they  themselves 
undergo  necrosis.  (Jonsi'cjuently  all  the  landmarks  have  been 
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obliterated.  In  syphilis,  on  the  contrary,  the  necrosis  results 
largely  or  entirely  from  the  obliteration  of  blood-vessels  and  the 
tissue  which  undergoes  necrosis  may  show  only  moderate  inflamma- 
tory infiltration  and  proliferation  of  filiroblasts,  or  none  at  all. 

Syphilitic  lesions  of  the  aorta  have  always  attracted  much 
attention  and  excited  a great  deal  of  discussion,  but  the  demon- 
stration of  treponemas  in  them  often  in  great  numbers  has  decidixl 
in  favor  of  their  actual  occurrence.  The  organisms  may  invade 
the  aorta  from  without  or  through  the  nutrient  vessels  of  the  wall, 
but  certainly  in  many  and  })crhaps  in  most  instances  they  infect 
the  vessel  from  the  intimal  side.  The  lesions  often  extend  deeply 
into  the  wall  causing  necrosis  and  softening  with  subsequent  rejiair 


U*  A-  Jrf'VjirV  *'v' 


Pig.  138.  Livoi-.  Syphilitic  cirrho.sis,  acquired.  Liver  cell.s  atrophied* 
marked  mcrea.se  of  connective  tissue.  M.  and  B. 


,™l  so.ar  formation,  yiol.ling  of  tl.e  wall  in  tlie  form  of  anourvsm.s. 

F, brm  oft™  forms  abundance  and  l.ater  undorKoos  more  or  lei 
extensive  organization. 

Syphilitic  lesions  of  tlie  aorta  most  commonlv  involve  the  arch 

Xe  L i the  aortic 

ah  e,  but  they  m.ay  occur  m any  part  of  the  .aorta.  In  a cjise  of 

™lv  ?n  th  y”  I f «"■'  ('•'densive  lesions  were  present 

onl\  m the  abdominal  portion  of  the  aorta. 

nrn™J'"^VT''''  '‘‘Y'-'’.''’®'™  tld-  liver  is  a diffuse  inflamm.atorv 
piocess  which  results  m more  or  less  of  an  exud.afion  of  endotheli.al 

or  polymoiphonuclear  leukocytes,  or  of  both  between  the  liver  cells 
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and  the  walls  of  the  sinusoids.  The  fibroblasts  pro- 

liferate and  lead  to  much  increase  of  the  connective  tissue.  Con- 
traction of  the  connective  tissue  causes  atroph}"  of  the  liver  cells. 
This  inhamniatory  jirocess  may  be  i^resent  tliroughout  the  liver, 
l)ut  it  is  usually  focal  and  statistics  show  that  it  is  more  common 
in  the  region  of  the  susiiensory  ligament,  and  in  the  left  lolx'  than 
in  the  right. 

Frequently  the  tre])onemas  invade  the  blood-vessels,  especially 
the  arteries,  and  jiroduce  tlie  same  type  of  lesion  there,  with  re- 
sulting thickening  of  the  intiina  and  partial  to  complete  occlusion 
of  the  lumen,  so  that  the  circulation  is  interfered  with  and  necrosis 
(gumma  formation)  occurs.  Reiiair  of  the  necrosis  by  granula- 
tion tissue  leads  in  time  to  scar  formation  and  often  to  marked 
lobulation  of  the  liver.  Re])air  of  the  diffuse  inflammatory  lesion 
when  necrosis  has  not  taken  place  results  in  sclerosis. 

Central  Nervous  System. — Syphilitic  infection  of  the  central 
nervous  system  may  be  confined  to  the  meninges  or  to  the  nervous 
tissue  or  involve  both  synchronously. 

Syphilis  of  the  meninges  may  affect  chiefly  the  blood-vessels 
or  the  tissue  around  them,  or  more  commonly  both  at  the  same 
time.  The  process  is  usually  complicated  by  necrosis  (miliary 
and  large  gummas)  owing  to  obstruction  of  small  and  large  arteries 
by  endarteritis.  The  diffuse  process  in  the  meninges  consists  of 
an  inflammatory  exudation  of  endothelial  and  polymorphonuclear 
leukocytes  and  of  the  formation  or  more  or  less  fibrin.  Giant-cells 
may  lie  few  or  numerous.  Usually  there  is  a well  marked  infiltra- 
tion with  lyinjihocytes.  Treponemas  may  be  present  in  small  or 
large  numlxTs. 

Syphilitic  infection  of  the  lirain  appears  under  two  forms. 
The  first  is  gumma  formation  and  is  usually, but  not  necessarily, 
due  to  extension  of  the  process  from  the  meninges.  Single  or 
multiple  gummas  of  small  or  large  size  may  be  formed.  The 
neuroglia  cells  are  usually  stimulated  to  ]iroliferative  activity  and 
often  surround  and  digest  masses  of  fibrin  formed  in  their  neigh- 
borhood. 

The  second  type  of  infection  is  caused  by  a diffu.se  infiltration 
of  the  grey  matter,  especially  of  the  cerebrum,  with  tre]X)nemas, 
which  cause  little  injury  or  inflammatory  reaction  around  them, 
but  gradually  bring  about  more  or  less  ])roliferation  of  the  neuroglia 
<*ells,  as  a result  of  which  a certain  degree  of  sclerosis  is  produced. 
In  time  many  of  the  ganglion  cells  atrophy  and  disa]ipear  (general 
paresis).  Until  the  recent  discoveries  of  Noguchi  this  type  of 
h'sion  was  supposed  to  be  of  toxic  origin  and  not  due  to  the  immedi- 
ate presence  of  the  tr(‘])onemas. 

Bone. — The  tr('])onema  may  affect  bone  on  the  inside  or  the 
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outside.  A lesion  starts  as  an  inflammatory  iiroeess  of  mild  type. 
The  filirohlasts  which  jn-oliferate  in  the  jirocess  of  repair  tend  to 
])roduee  bone  because  they  are  derived  from  the  osteal  cells.  The 
result  is  sclerosis  of  bone  within,  iieriosteal  thickening  without. 
The  lesions  nuyy  be  complicated  by  necrosis  owing  to  obliteration 
of  blood-vessels.  The  necrotic  tissue  has  to  be  softened  and  re- 
mo  veal.  The  result  is  erosion  of  bone;  but  where  necrosis  has  not 
occumnl  bone  continues  to  be  formed.  This  combination  of  erosion 
and  new-formation  of  bone  is  fairly  characteristic  of  syphilitic 
lesions  of  tlie  skeleton. 

The  lesions  in  the  bones  in  congenital  syphilis  are  wide-spread 
and  fairly  constant  and  characteristic.  The  treponemas  develop 
readily  along  the  line  of  ossification  where  the  vascular  supply  is 
abundant.  Their  presence  causes  delayed  ossification,  so  that  the 
normal  narrow  straight  line,  where  the  cartilage  is  replaced  by 


tifl.  1.39.  Sypliilis,  acquired.  Treponemata  pallida  in  Kunnna  of  optic  nerve. 

l)one,  becomes  a liroad  yellowish  white  zone  which  fades  out  on  the 
side  avay  from  the  cartihige.  In  tiddition  thet  orgtinisms  often 
cause  an  increase  of  the  connective  tissue  around  the  vessels  which 
send  tongue-shapetl  processes  into  the  cartihige,  so  that  the  ipiper 
edge  of  the  line  of  ossification  a])])ears  jagged. 

Other  Organs,  ^lyphilis  tiffects  many  other  organs  and  tissues 
(testicle,  muscle,  skin,  etc.),  idle  lesions  formed  are  comiiarable 
in  every  way  with  those  already  described. 

If  the  iirinciples  of  the  jiatiiologic  process  caused  liy  the  trep- 
onema pallidum  are  fully  grasped  the  lesions  in  the  various  organs 
can  be  readily  understood. 

Amyloid.  Syphilitic  infection  of  long  duration  is  often  com- 
plicated by  amyloid  formation,  probably  as  the  result  of  some 
toxic  substance  acting  on  the  fibroblasts'  Amyloid  is  formed  in 
the  li\er,  kidney'  and  spleen;  le.ss  often  in  the  adrenal  glands  and 
in  a few  other  situations.  Excessive  amyloid  formation  in  the 


230 


PATHOLOGIC  HISTOLOGY 


kidney  may  bring  about  chronic  nephritis  owing  to  the  mechanical 
injury  it  exerts  by  its  presence  in  the  glomerular  tufts,  the  blood- 
vessels, and  sometimes  around  the  tubules.  It  interferes  with  the 
action  of  the  glomeruli  and  causes  atrophy  of  the  tubules.  Elimina- 
tion of  waste  products  in  the  circulation  is  thereby  prevented  to  a 
less  or  gi eater  extent  anti  they,  acting  as  injurious  agents,  are  per- 
haps the  direct  cause  of  the  nephritis. 

BLASTOMYCES  AND  OIDIUM 

^lost  infectious  diseases  due  to  vegetable  parasites  are  caused 
b}  bacteria,  but  a few  owe  their  origin  to  micro-organisms  of  a 
higher  type,  namely,  to  the  yeasts  anti  molds.  Two  of  the  in- 
fectious processes  causetl  by  yeasts,  although  comparatively  rare, 
deserve  brief  consitleration.  Both  the  organisms  anti  the  lesions 
they  protluce  microscopically  and  in  gross  resemble  each  other 
more  or  less  closely.  For  this  reason  they  were  for  a long  time  con- 
fusetl  with  each  other,  but  the  differential  characteristics  are  now 
fairly  generally  recognizetl. 

J he  relation  of  the  yeasts  or  blastomycetes  to  the  bacteria 
and  the  molds  is  shown  in  the  following  diagram. 
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True  yeasts  grow  by  budding;  they  rarely  form  mycelia; 
under  favorable  conditions  of  growth  they  may  form  endospores. 

(Jidia  grow  by  budding  and  as  mycelia  with  spore  formation. 

Hyphomycetes  grow  as  mycelia  with  spore  formation  of  asexual 
or  sexual  origin. 

All  authorities  seem  agreed  that  there  is  no  sharp  line  of  de- 
marcation between  the  blastomycetes  and  the  hyphomycetes,  and 
most  of  them  place  the  oi'dia  as  a transition  form. 

Blastomycosis  is  the  term  applied  to  the  lesions  produced  by  a 
blastomyces.  A variety  of  organisms  have  been  cultivated  from 
the  lesions  and  different  names  have  been  assigned  to  them. 
Whether  they  are  distinct  entities  or  only  strains  of  a single  organ- 
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ism  has  not  yet  been  tlefinitely  decided.  Therefore,  at  ]iresent, 
it  seems  best  to  use  simpl}"  the  general  term  blastomjxes. 

Blastomycosis  has  been  recognized  and  studied  more  thoroughly 
in  and  around  Chicago  than  an}Avhere  else  in  this  country.  Infec- 
tion begins  practically  always  in  the  skin  and  may  remain  localized 
there.  Occasional!}",  however,  the  organism  uivades  the  circula- 
tion and  causes  lesions  in  all  parts  of  the  body. 

Micro-organism. — The  blastomycetes  occur  in  human  tissues 
only  in  the  blastoniycetoid  form,  that  is,  as  small  round  bodies 


Fig.  140.— Bla.stomycosi.s.  Focal  pneumonia  due  to  the  bla.stomyce.s. 
Fx uc  ation  consists  of  polymorplionuclear  and  endothelial  leukocytes.  Some 
ot  latter  t used  to  form  giant-cells  which  contain  many  organisms,  a Part  of 
an  alveolus;  b,  c,  and  d,  details  from  e.xudation.  ’ 


with  granular  protoplasm,  and  with  thick  hyaline  capsules.  They 
multiply  by  budding  only.  In  cultures  they  may  develop  mycelia 
or  grow  by  budding,  or  in  both  ways.  They  may  be  numerous  in 
the  lesions  which  they  produce,  or  few  and  hard  to  find. 

Toxin,  Injury  and  Reaction.— The  bla.stomyces  produces  a, 
air  } strong  toxin  which  acts  locally,  frequently  causes  ik'- 
crosis,  and  excites  a well  marked  inflammatory  reaction.  The 
exudation  consists  of  serum  and  polymorphonuclear  and  endothelial 
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leukocytes.  ]\Iuch  fibrin  is  sometimes  formed.  Many  of  the 
blastomycetes  are  enclosed  in  endothelial  leukocytes  and  in  f^iant- 
cells  due  to  fusion  of  these  latter  cells. 


Fig.  141. — Hlastoinycosi.s.  Focal  pneuinonia  due  to  the  l)lastoinyces.  M. 
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l‘'iy;.  142. — Hlastoinycosi.s.  Focal  pneumonia  due  to  the  hlastoniyces. 
Xurnerous  organisms  pre.sent.  lOxudation  in  h,  con.sists  of  polymorphonuclear 
leukocytes.  Several  giant-cells  in  a. 


J'^ollowing;  necrosis  of  tlie  tis.sue  cells  the  lesion  may  present 
the  appearance  of  caseation,  but  as  a rule  it  tends  to  underg;o  soften- 
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Fig.  143— Oi(li(,myrosis.  a,  Rupturod  capsule  partially  surrounded  by  a 
loreign  body  giant-cell;  b,  empty  capsule  invaded  by  leukocytes. 


orgailism  fil/ed  iRh'.s^l/ref in  '>*■  orpnism;  a, 

acteristic  cellular  reaction  which  tiiey  produce.  the  char- 
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and  transformation  into  an  aliscess  or  an  ulcer  according  to 
its  location. 

In  the  skin  the  blastomyces  produces  chronic  lesions  of  a com- 
bined nodular  and  ulcerative  type. 

In  the  lungs  the  lesion  resembles  a lobular  jDneumonia  and 
affects  large  and  small  groups  of  air-sacs.  Fibrin  often  forms  in 
abundance  from  the  exudation  and  ma}^  undergo  organization. 
In  other  foci  abscesses  result  from  necrosis  and  softening  of  the 
alveolar  walls. 

^Multiple  lesions  may  form  in  various  other  organs,  such  as 
lymph-nodes,  spleen,  liver,  kidneys,  bone,  etc.  They  may  be 
small  or  large,  few  or  many. 


Fi 


145. — Oidiomycosis.  Organisms  in  alvooli  of  lung.  In  a,  distinctly 
visible;  in  b,  surrounded  by  deeply  stained  mucinous  secretion. 


Oidiomycosis  (granuloma  coccidioides)  is  the  term  applied 
to  the  lesions  produced  by  an  oidium  variously  named  in  the  past 
immitis,  coccidioides,  etc.,  but  not  yet  definitely  classified  by  the 
botanists.  Infection  with  this  organism  is  rare  and  is  confined 
almost  exclusively  to  California.  The  disease  is  ]iractically  fatal. 

The  oidium  occurs  in  human  lesions  in  the  form  of  s])heri(*al 
bodies  which  may  reach  a size  of  thirty  microns.  They  consist  of 
an  irregularly  staining  mass  of  protoplasm  enclosed  within  a double 
contoured  capsule  which  is  occasionally  covered  with  prickles, 
or  even  long  spines.  The  organisms  multiply  in  tissues  only  by 
endosporulation,  never  by  budding.  The  spores  may  number  as 
high  as  a hundred  or  more.  They  are  liberated  by  the  liursting 
of  the  capsule.  The  number  of  parasites  in  the  lesions  varies. 
They  may  be  many  or  few  and  hard  to  find.  In  cultures  the  oidium 
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grows  as  long  septate  liraiiehing  hyplue.  In  time  sjiores  develop 
in  the  ends  of  the  hyiihae  and  are  infectious  if  inoculated  into 
animals;  the  hyplue  themselves  are  not. 

Toxin,  Injury  and  Reaction.— The  lesions  produced  by  the 
oi'dium  often  bear  a close  resemblance  to  those  causi'd  by  the 
tubercle  bacillus,  and  have  jirobably  been  mistaken  for  them  more 
than  once  on  histologic  examination.  If  the  organisms  are  few 
in  number  tyiiical  caseation  may  be  produced  as  the  result  of  a 
g'ladual  infiltration  of  the  tissues  with  endothelial  leukoc^ytes. 


log.  14().— Oidiomycosi.s.  Orguni.sin  in  a giant, -cell.  Innammatory  e.xii<la- 
tion  consi.sts  chiefly  of  endothelial  leukocytes. 


If  they  arc  numerous  suppuration,  often  in  tlie  form  of  aijscesses 
and  ulcers,  is  more  likely  to  oeeiir.  (li.ant-eells  are  of  frequent 
fornnation  ami  often  contain  oldia.  Tlic  lesions  may  be  infiltrated 
vith  numerous  eosinophiles.  ' 

tlut  the  lesions,  as  a rule,  are  widely  distrilmted.  The  primary 
ecus  ts  as  likely  to  he  within  the  body  as  in  the  skin.  The  lesions 

both  histologically  and  in  gross,  but  they  tend  to  involye  much 
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the  same  organs,  the  lungs,  lymph-nodes,  adrenal  glands,  men- 
inges, seminal  vesicles,  etc. 

In  the  skin  the  lesions  are  chronic  in  type  and  consist  of  nodules, 
aliscesses  and  ulcerations. 

ENTAMEBA  HISTOLYTICA 

The  entameba  histolytica  causes  a jirimary  chronic  ulcerative 
process  in  the  large  intestine,  so-called  amebic  d}''sentery.  The 
organisms  are  frequently  carried  to  the  livei’  by  the  ]iortal  circula- 
tion and  give  rise  to  abscesses  which  may  attain  a large  size  and 
may  extend  to  a ])leural  cavity  or  to  a lung.  Rarely,  metastatic 
lesions  are  ]iroduced  in  the  lungs  and  brain. 

Amebic  dysentery  is  a common  infection  in  the  tropics,  but 
occurs  also  more  or  less  frequently  in  the  temjierate  zones. 


Fig.  147. — Amebic  dysentery.  Aitiebte  liistolytica;  in  subinucosa  of  intestine. 

Micro-organism. — The  entameba  histolytica  measures  fifteen 
to  twenty-five  microns  in  diamett'r.  It  contains  a small  round 
vesicular  nucleus  which  stains  but  ])oorly  with  the  ordinary  basic 
dyt's  and  with  alum  hematoxylin.  The  nucleus  contains  a minute 
nucleolus.  The  cytoplasm  around  tlu'  nucleus  is  finely  granular 
and  is  surrounded  liy  an  outer  zone  or  ectosarc  which  is  trans- 
])arent  and  refractive,  and  which  sharjily  defines  the  outer  limits 
of  the  organism. 

The  entameba  histolytica  is  commonly  sought  in  ])re])arations 
mad(‘  from  the  fresh  stools  and  examim'd  on  a warm  stage,  in  order 
to  d(‘tect  the  characteristic  movements;  but  it  is  readily  identified 
in  properly  fixed  tissues  owing  to  its  characR'ristic  morphology. 

The  organism  is  (juite  phagocytic  and  frecpiently  contains  red 
blood-corpuscles,  bacteria,  or  cellular  debris.  It  is  al)le  to  pene- 
trate fibrous  and  other  tissues  and  is  freipiently  found  in  the  walls 
of  bloofl-ve.ssels  and  inside  of  them. 
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Toxin,  Injury  and  Reaction.— The  entamelia  histolytica  evi- 
dently secretes  a mild  toxin  which  slowly  produces  necrosis  of  the 


Fig.  US.— Amebic  dysentery.  Ameb;c  histolyticie  in  wall  of  vein  in  intestine 
several  also  within  himen  of  vessel.  ’ 


- ^ 


I'ig.  U9. — Liver.  Ameba  histolytica. 


Two  amebse  in  small  blootl-vessel.  M. 


cells  in  its  neishhorhood  and  also  snidually 
does  not,  as  a rule,  cause  an  active  acute  iiifl 


di.s.solves  tliem.  It 
animator}^  reaction. 


238 


PATHOLOGIC  HISTOLOGY 


Irequently  the  ameba3  are  found  in  considerable  niiinliers  in  tissues 
which  otherwise  a])pear  normal.  In  other  fields  the  nuclei  are 
fading  out  and  in  still  other  places  there  is  more  or  less  of  an 
inflammatoiy  exudation  j chiefly  polymorphonuclear  leukocytes 
and  fibrin.  Sometimes  lymphocytes  are  fairly  numerous. 

Intestine. — -Infection  begins  in  the  mucosa  where  there  is 
formed  a small  ulcer  which  gradually  spreads  more  or  less  exten- 
sively in  the  submucosa,  undermining  the  mucosa.  Tlie  tissue 


Fig.  150. — Arneba  histolytica  in  the  liver,  a,  h,  and  c,  Within  veins  and 

capillaries;  d,  in  an  abscess. 


gradually  undergoes  necrosis.  The  blood-vessels  persist  longest, 
but  usually  in  the  end  become  thrombosed  and  then  are  quickly 
destroyed.  The  amebse  are  often  very  numerous  in  the  necrotic- 
tissue.  Polymorphonuclear  leukocyte's  may  be  present  in  num- 
bers in  the  ('xudation,  but  tend  to  undergo  necrosis  like  the  other 
cells.  Fibrin  is  sometimes  abundant,  especially  upon  the  wall 
of  the  ulcer. 

The  gross  lesions  of  the  intestines  an;  more  or  less  character- 
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istic.  The  uleenitions  exteiul  widely  beneath  the  mucosa,  under- 
mining it  in  all  directions,  so  that  they  are  often  connected  by 
sinuous  passages.  The  etlges  of  the  ulcers  are  swollen  and  gelati- 
nous owng  to  the  serous  and  cellular  exudation  in  them. 


Liver.— In  the  liver  the  amebae  can  sometimes  be  found  in  the 
sinusoids  in  places  where  the  liver  tissue  appears  perfectly  normal. 
Gradually,  however,  the  tissue  undergoes  necrosis  and  then  solu- 
tion. Leukocytes  may  not  be  very  abundant.  Fibrin  often  forms 
on  the  walls  of  the  abscesses.  That  is  aliout  the  extent  of  the 
lirocess  but  it  keeps  spreading.  There  is  little  or  no  evidence  of 
reimir.  The  amebae  invade  the  living  tissue  peripherally  and  the 
necrosis  and  softening  follow  them. 


BALANTIDIUM  COLI 

The  balantidium  coli  is  an  infusorium  of  oval  shape  measuring 
about  0.1  by  0.07  mm.  It  is  surrounded  by  cilia  which  are  most 
developed  m the  fuimel-shaijed  opening  at  one  end,  called  the 
peristome.  It  has  a bean-shajjed 
macronucleus  and  a spherical  micro- 
nucleus. In  the  tissues  the  organisms 
frequently  exhibit  changes  of  form  due 
to  ameboid  motion,  as  in  penetrating  the 
epithelial  lining  of  the  intestinal  glands. 

This  organism  is  a common  inhal)i- 
tant  of  the  inte.stine  of  the  hog  Avhere  it 
causes  no  lesion.  On  rare  occasions  it  is 
apparentlv  transferred  to  man  and  gives 
rise  to  more  or  less  extensive  ulcerations 
in  the  large  intestine  (rarely  in  the  lower 
end  of  the  small  intestine)  accompanied 
usually  vith  persistent  diarrhoea  which 
ma}/  terminate  fatally.  IManj'^  balan- 
tidia may  be  found  in  the  stools 

Occurrence.-The  l.alantidium  coli  is  found  occasionally  in 
tlic  lumen  of  an  intestinal  gland.  Jlore  often  it  penetrates  the 
ciMthelial  ining  and  lies  along  side  of  a gland  or  at  its  base.  Jlany 
mter  the  .aetea  s and  occasionally  they  collect  in  numbers  in  till 
' mph-nodule.s,  lying  among  the  lymphocyte.s.  The  lymph-vessels 
of  tfie  submucosa  inay  be  greatly  distended  and  filled  vith  them 
They  are  found  al.so  m the  veins,  but  in  smaller  nuinlx'rs  i 
addition  they  occur  in  the  lymph-vessels  and  veins,  both  in  the 

It  would  seem  as  if  the  balantidia  wouhl  be  transported  from 
these  situations  to  all  parts  of  the  body,  but  .so  far  as  Imo™  th<!y 


Fig.  151. — Balantidium 
coll  in  lymph-ves.sel  in 
intestine. 
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log.  152. — Balantidium  ooli  outside  of  gland  in  mucous  membrane  of  in 

testine.  M. 


>? 
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Fig.  15d. — The  balantidium  coli  pre.sent  in  numbers  in  a dilated  lymphatic 
° in  the  submucosa  of  the  intestine.  M. 
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I'ig.  154. — Balantidia  coli  in  siihmucosa  of  intestine.  M. 


log.  155.— A 


balantidium  coli  in  a .slit-like  ulceration 
inte.stine.  M. 


in  the  muco.sa  of  the 


IG 
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have  lieen  found,  outside  of  the  intestinal  wall,  only  in  the  mesen 
teric  l3unph-nodes  and  in  the  liver. 

The  balantidiuin  occurs  also  in  large  nunib('rs  in  the  ])us  and 
in  the  walls  of  the  ulcers  and  fistulous  tracts. 

Injury. — The  lialantidium  coli  seems  to  jiroduce  mechanical 
injur\^  onljL  This  view  is  favored  liy  the  frequent  lack  of  any 
inflammatoiy  reaction  around  it  in  the  various  situations  in  which 
it  is  found  outside  of  the  ulcers.  As  a rule  the  mechanical  injury 
does  little  harm.  Occasionally,  however,  the  paths  opened  up  in 


Fig.  15(). — A balantidium  coli  in  a fistulous  tract  in  the  subinucosa  of  the  in- 
testine. Several  also  at  the  base  of  the  glands.  M. 

this  way  become  infected  with  bacteria  and  a fistulous  tract  is 
formed,  in  which  balantidia  congregate  and  which  they  aid  in 
enlarging,  so  that  eventually  extensive  ulcers  with  more  or  less 
undermined  edges  are  formed.  Around  thesi'  ulcers  the  walls  are 
infiltrated  with  numerous  polymorphonuclear  l(nikoc>des,  lympho- 
cytes, eosinophiles  and  mastcells,  in  varying  numlxTs.  Sometimes 
the  intestinal  wall  is  much  ihickened.  In  gem'ral  the  ulcerations 
occurring  in  connection  with  th(‘  balantidium  coli  resemlile  those 
produced  by  the  entameba  histolytica. 
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TRICHINELLA  SPIRALIS 

Introduction. — The  trieliinella  siiiralis  is  a neniatock'  which 
occurs  frequently  under  ordinary  conditions  in  the  lio^  and  tlie 
rat,  and  occasionally,  as  a result  of  the  ingestion  of  uncooked, 
infecteil  ]3ork,  in  man.  The  encyst(‘d  tricliinae  escape  as  the  muscle 
containing  them  is  digested  and  develoj)  and  differentiate  in  the 
stomach  and  small  intestine  into  male  and  female  round  worms  of 
minute  size.  The  female  measures  3 mm.,  the  male  1.5  mm.  in 
length.  AVith  a little  practice  they  can  be  recognized  with  the 
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l.-H .— Tnchiniasis.  Liver.  Enihryo  of  f ricliinella  .spirali.s  suit 
acute  infiammatoiy  e.xudation. 


■ounded  by 


nak,.,l  eye  m the  mtestinal  eontents.  Tlie  female,  after  fertiliza- 
tion, ploughs  her  way  just  heueath  the  eirithelium  of  tlie  (luodeiium 
ami  jejunum  (rarely  as  low  as  the  eceum)  and  dejiosits  in  suc- 
cessive hatehes  her  mimerous  embryos,  when  ripe,  here  ami  there 

V tlleir""'""”  T'"'  •'ml'ryos  quii'kly  gain  entrance 

by  their  own  activity  to  the  lymphatics  and  are  carried  to  the 

mesenteric  lymph-node.s  where,  in  the  early  stages  of  infection 

hey  may  often  be  found  in  the  Icmiiih  sinuses.  From  the  Ivmpin 

am  Tic  i'7,  y " ■‘'■'V'f  t'locacic  duct  to  the  blood  stream 

ami  bj  It  aio  drstributed  all  over  the  body,  liy  means  of  centri- 
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fu^alizatioii  they  have  l)e('ii  (lenionst rated  in  lar^e  nuiii})ers  in  the 
eirculatinp;  blood  (ii])  to  100  in  1 e.em.).  Within  ten  days  to  three 
weeks  after  ingit'stion  of  infeeted  pork  trichinae  nniy  i>e  found  in  all 


Fifz;.  15S. — 'rrichiniasis. 


Many  l.richiuella)  si>irales  witliin  iuusde-fil)or.s. 


M. 


h c 


Fig.  l.")9. — Trichinia.sis.  Succe.s.sful  invasion  of  muscle-fil)crs  by  the 
trichinella  spiralis,  a and  b,  In  a rald)it;  c and  d,  in  hninan  nnisclo-tis.sue. 
Organisms  present  in  a,  }>,  and  c,  but  not  in  d.  Longitudinal  striations  left 
only  at  periphery  of  fiber  in  c and  d. 


th('  muscles  of  tlu'  body.  It  is  thoug;ht  by  some  that  trichinae  may 
occasionally  reach  tlu^  blood  more  directly  by  itenetratinp;  the 
blood-vessels  in  the  intestines,  but  no  ])ositive  evidence  has  been 
offered. 
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llie  dev('loi)nieut  mid  spreiul  of  trichinas  in  the  host  are  iiest 
followed  in  animals  f(>d  with  infected  muscle,  but  most  if  not  all 
ste])s  ot  the  })rocess  have  been  traced  in  man. 


Fis.  lOl.-Trirhiniasis.  Two  trichinell®  spiralos  in  muscle-fibers 
inriamniatory  reaction  around  them.  M. 


Little 


hen  trichina?  are  carried  all  over  the  body  by  the  blood  stream 
they  emigrate  from  the  vessels  situat(>d  not  onlv  in  musch'-tissne 
but  111  various  other  locations.  Thus  they  have  been  found  in 
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numbers  in  the  lieart,  and  occasionally  in  the  liver,  ]:>ancreas,  and 
brain;  further  search  would  i)robably  show  them  in  other  organs 
and  tissues.  It  is  only  in  striated,  skeletal  muscle-fibers,  however, 
that  they  find  conditions  favorable  for  further  develo])inent.  In 
other  locations,  as  well  as  frequently  in  skeletal  muscle,  the}^  die 
or  are  killed,  and  each  organism  becomes  surrounded  by  a focus  of 
acute  inhammatory  reaction. 

Lmbiwo  trichinae  emigrating  from  blood-vessels  running 
through  muscle-tissue  attempt  to  ])enetrate  into  muscle-fibers. 
A successful  embryo  at  first  lies  stretched  out  straight  in  the  center 
of  the  fiber  and  grows.  After  reaching  its  full  size  in  a very  few 
days  it  curls  u])  in  its  characteristic  spiral  attitude,  becomes  aj)- 


Fig.  1()2. — Trichiniasis.  Parti  of  a inusclo-fiber  showing  portions  necrotic  and 
other  portions  beginning  to  regenerate. 


parently  innocuous,  and  may  ptTsist  in  this  condition  for  years 
(twenty  or  more)  until  d(‘ath  of  its  host  and  ingestion  of  the  in- 
fecttnl  muscle  by  another  host  sets  it  free  to  continue  the  cycle  of 
development. 

Injury. — The  usual  effect  of  an  embryo  trichina  on  the  muscle- 
fiber  which  it  has  invadt'd  is  to  cause  more'  or  less  degeneration, 
d'he  mere  mechanical  invasion  seems  to  do  litth'  harm.  The  injury 
is  apparently  produced  by  a solubh'  toxin  eliminated  by  the  embryo 
trichina  during  its  stage  of  devi'lopmc'iit.  The  invaded  fiber  may 
become  edi'matous,  as  shown  by  hollowing  out  of  its  centc'r,  or  by 
the  formation  of  nuuKTous  vacuoh's.  Tlu'  striations  may  dis- 
aj)])(‘ar  diffusely,  or  ovi'r  considerabh^  areas.  Sometimes  only  a 
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siiifih'  row  is  left  at  tli(>  jK'ijjilK'iy  of  the  fiber.  Soiiietiines  the 
fiber  undergoes  mon*  or  less  ext(*iisiv(>  necrosis  either  centrally  or 
in  scattered  ])atches,  or  over  long  stretches.  If  the  whole  fiber, 
or  the  ]iart  in  which  the  embryo  lies,  becomes  necrotic  the  trichina 
dies  or  is  killed.  Ajiparently  after  it  reaches 
a certain  size  it  is  too  large  to  invade  another  ^ 

fiber. 

Regeneration. — As  soon  as  aipv  iiortion  of 
an  invaded  muscle-fiber  is  destroyed  the 
adjoining  nuclei  in  the  remaining  portion  are 
stimulated  to  regeneration.  They  multi])ly 
by  direct  division  and  extend  towards  the  part 
destroyed.  lAani  if  only  a single  nucleus  with 
a little  cyto})lasni  is  left  intact  it  attempts 
regenei-ation.  How  far  the  process  will  prog- 
ress towards  the  formation  of  a whole  fiber 
cannot  1)C'  dc^terminc'd.  J he  active  regenera- 
tion occurs  not  only  immediately  around  the 
included  trichina,  but  also  throughout  the 
fiber  wherever  injury  has  becai  done  by  the 
action  of  the  diffusible  toxin.  Sometimes  as 
the  result  of  the  necrosis  of  a large  jiart  of  a 
muscle-fiber  several  minute  fibers,  each  with 
one  to  several  nuclei,  may  be  formed  to  take 
its  place. 

Exudation.  A muscle-fiber  seems  to  be 
the  only  structure  in  the  body  callable  of 
fuinishing  an  asylum  of  rest  and  jirotection  to 
a tiichina.  hdsc'where  it  is  ciuickly  surrounded 
by  a focus  of  acute  inflammatory  exudation 
and  destroyed.  The  cells  of  the  exudation 
consist  of  polymor]ihonuclear  leukocytes,  en- 
dothelial leukocytes,  hunphocytes,  and  eosino- 
philes,  the  lattc'r  are  sometimc's  very  numc'r- 
ous.  Occa.sionally  .some  of  the  endothelial 
leukocytes  fuse  together  around  jiarts  of  the 
tiichina  to  form  foreign  body  giant-cells. 

In\  aded  muscle-fibc'rs  which  are  not  ne- 
ciotic  usually  have  little  or  no  inflammatory 
reaction  around  them.  When,  however,  as 
i(C|uentl>  occuis,  the  fiber  is  destroyed,  the  reaction  is  usually 
intc'iise.  The  necrotic  muscle  is  removed  by  the  action  of  endo- 
+L  ‘^'^ikoc3des,  but  the  trichina  is  surrounded  and  acted  upon 
variety  of  leukocytes  mentioned  above'.  Whether  the 


\ 


Fig.  Ki3.— Tri- 
ch  i 1 1 i asi  s . It  ('goiu'ra- 
tion  of  parts  of  mus- 
clyfibor  not  killed, 
t’iewed  in  a length- 
wise; in  b in  cros.s- 
.section.  Necrotic 
portion  of  fiber  still 
persistent. 


, , • ' ^ Vi  . >>  111  till* 

exudation  is  called  out  by  disintegration  of  a dead  trichina,  or  is 
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attracted  by  a living  trichina  whose  death  it  strives  to  cause,  is  dif- 
ficult to  determine,  l)ut  the  latter  view  seems  the  more  probable  one. 

Capsule. — Soon  after  a muscle-fiber  is  invaded  by  a trichina 
the  connective-tissue  cells  imiiK'diately  around  that  fiber  are 
stimulated  to  produce  an  increased  number  of  collagen  fibrils. 


® ^ I)  ^ 


Fig.  164. — Trichiniasis.  Inflammatory  reaction  to  necrotic  mnscle-filiers 
whicli  have  been  di.ssolved  and  removed.  In  a,  it  consists  chiefly  of  poly- 
morphonuclear leukocytes  and  eosinophiles;  in  b,  of  endothelial  leukocytes 
with  a few  eosinophiles.  The  invading  trichinella)  are  not  visible. 


Fig.  16.5. — Trichiniasis.  Acute  inflammatory  reaction  around  a trichinella 
spiralis  which  killed  the  muscle-fiber  it  invaded.  M. 


Possibly  the  fibroblasts  proliferate  to  some  slight  extent.  In  this 
way  a capsule  is  formed  which  gradually  thickens  and  contracts, 
and  usually  becomes  hyaline.  Eventually  it  may  become  calcified, 
ddiis  capsule  serves  as  a further  ])rotection  for  the  included 
trichina,  but  occasionally  it  is  invaded  by  leukocytes  either  be- 
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cause  tlic  organism  has  died,  or  In'cause  they  have  been  attracted 
by  some  toxin  emanating  from  it. 


7 


% ^ * 

' 
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Fig.  IGG.— Trichiniasis.  Musde-fibor,  killed  l)y  action  of  trichinella  spiralis, 
being  dissolved  by  emlothelial  leukocytes. 


a h 


Fig.  167. — Trichiniasis.  a,  Trichinella  spiralis  surrounded  by  endothelial 
leukocytes  in  space  previously  occupied  l>y  a muscle-fiber;  h,  dead  trichinella 
spiralis  in  similar  location. 


In  the  heart,  brain,  and  otlier  organs  the  trichime  invariably 
die  or  are  killed,  and  give  rise  to  small  foci  of  acute  inflammatory 
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exiuUitioii.  Tlio  organisms  are  j2,radually  dissolved  and  removed; 
the  exudation  disappiairs,  and  only  smail  foci  of  filirosis  or  gliosis 
are  left  as  marks  ot  the  lesions  to  which  they  owe  their  origin. 

Gross  Appearance. — Infection  of  muscle  with  trichimp  cannot 
be  detected  in  the  early  stages  with  the  naked  eye.  . The  embryos 
are  grey  and  translucent.  What  one  sees  and  recognizes  later  on 
are  the  whitish  connective-tissue  capsules  around  the  enc3^sted 
trichimp.  If  these  capsules  become  calcified  they  are  rendered 
still  more  prominent. 


End  Results. — If  the  bod}^  is  overwhelmed  with  embryos,  death 
ensues  ])robal)l>^  as  a result  of  destruction  not  only  of  great  num- 
bers of  muscle-fibers,  but  of  small  foci  of  tissue  in  many  other 


Fig.  16,S. — Trichi  nia-sis. 


Triofiinelhc  spirales  within  thick  connective-tissue 
capsules. 


organs,  such  as  the  heart,  lirain,  pancreas,  etc.  In  addition,  toxins 
derived  from  the  trichinae  and  from  the  necrotic  cells  of  different 
kinds  must  iiroduce  some  injurious  effect.  We  have  some  evidence 
of  this  in  the  leukocytosis  which  accompanies  infection,  and  espe- 
cially' in  the  eosinophilia  which  is  characteristic  and  usually^  amounts 
to  twenty  to  forty  per  cent  and  has  run  as  higli  as  sixty  per  cent. 

Diagnosis. — The  only  way  to  make  a positive  diagnosis  of 
trichiniasis  in  suspected  cases  is  by  demonstrating  the  embryms, 
by  means  of  centrifugalization,  in  tlu^  circulating  blood,  or  b,y 
cutting  out  a bit  of  muscle,  usually  from  the  calf  of  the  leg,  and 
demonstrating  trichina;  in  the  musch'-filxTs.  The  adult  trichina; 
do  not  appi'ar  in  th(‘  h'ci's;  apj)arenfly  they  are  destroyed  before 
ri'aching  thi;  rectum. 


TUMORS 


Introduction. — Tumors  ])lay  a very  im])ortant  ])art  in  pathol- 
ogy and  occui)y  a distinct  field  l)y  themselves.  They  occur  in 
great  variety;  may  be  inconvenient,  disfiguring,  or  dangerous 
from  size  or  location;  are  frequently  destructive  to  the  tissues  in 
which  they  are  situated;  and  often  cause  death  of  the  individual 
afflictetl  with  them. 

\\  e know  a great  deal  about  the  gross  and  microscojfic  aj)])ear- 
ance  of  tumors  and  in  regartl  to  their  classification,  but  nothing  in 
regard  to  their  cause,  and  little  in  regard  to  their  origin.  IMuch 
still  remains  to  be  learned.  Exjx'riniental  work  on  animals  is 
throwing  light  on  certain  jwints,  but  continued  observation  and 
study  of  tumors  occurring  in  man  is  likely  in  the  end  to  be  the 
more  jwofitable  line  of  investigation. 

In  a way  tumors  form  a class  of  injurious  agents;  the  tissues 
involved  may  react  to  them  as  they  do  to  cei-tain  kinds  of  foreign 
bodies.  This  statement  is  i)articularly  true  of  certain  forms  of 
canc(T.  \et  tumors,  with  ]:>erha])s  one  exce])tion,  the  chorion- 
epithelioma,  originate  from  the  host  himself,  although  they  may 
lead  to  his  de.struction. 

In  some  res])ects  tumors  bear  a close  relation  to  abnormalities 
from  which  certain  new  growths  unquestionably  arise,  es])ecially 
from  small  ])ersisting  and  dis])laced  groujis  of  cells  known  as  fetal 
rests  and  displacements. 

1 uniors  act  as  parasites.  They  draw  nourishment  and  sui)):)oi’t 
from  the  tissue  in  which  they  occur  and  are  often  hinderc'd  in 
their  growth  by  lack  of  these  factors.  But  in  many  ways  they 
are  independent  ot  normal  tissues,  es])ecially  in  the  ])ossession  of 
a greater  vitalit}'  such  as  few  normal  cells  can  withstand,  of  con- 
tinuous growth  without  ])hysiologic  limitation,  and  of  autonomous 
growth  inde]:){'ndent  of  body  control. 

Definition. — Before  taking  uj)  the  subject  of  tumors  it  is 
necessary  to  have  as  exact  and  com]:)rehen.sive  a definition  as 
ixjssible  of  what  a tumor  is,  in  order  to  be  able  to  distinguish  it 
from  enlargements  due  to  various  conditions,  such  as  hyperplasia 
(lym])h~nodes) ; hypertro]ihy  (prostate,  thyroid);  exercise  of 
functi(m  (lactating  breast);  regeneration  (end  of  cut  nerve); 
ief)air  (callus);  excess  of  jwocess  of  repair  (keloid);  normal  grovdh 
and  development  of  displaced  cells  (adrenal  dis])lacements,  choles- 
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totitoiiui) , (li  lilt  lit  ion  of  obstructi'd  ducts  (wen)  iind  of  persisting 
fetid  cavities  (siinjile  dermoids  of  neck  and  over  cocej'x)'  in- 
fections tissue  formation  (verruca). 

It  is  difficult  to  frame  a definition  and  to  make  general  stat(>- 
ments  which  will  a])]3ly  to  all  types  of  tumors. 

1 he  tei m tiimoi  is  used  in  two  senses,  first,  in  a general  wa}'^  to 
mean  swelling,  its  original  signification,  as  when  in  discussing 
acute  inflammation  we  speak  of  the  four  cardinal  symptoms  as 
rubor,  tumor,  calor,  dolor,  or  of  an  enlarged  spleen  of  sejitic  origin 
as  acute  sjilenic  tumor;  second,  specifically  as  a new  formation 
of  tissue,  a new-growth,  or  as  is  often  said  a true  tumor. 

In  this  specific  use  of  the  t(Tin  a tumor  is  a new  formation 
(usually  a more  or  less  circumscribed  collection)  of  cells  which 
proliferate  continuously  and  without  control;  tend  to  differen- 
tiate as  the  cells  from  which  they  arose  would  do  under  normal 
conditions;  serve  no  useful  function;  lack  an  orderly  structural 
arrangement;  and  have,  at  least  at  the  iiresent  time,  no  assignable 
cause  for  their  existence. 

TUMOR  CHARACTERISTICS 

Autonomy,  the  most  striking  of  these  characteristics  of  a 
tumor  is  its  autonomy  or  indeiiendcnce  of  growth.  It  is  unlimited 
and  uncontrolled  excejit  when  its  nutrition  is  interfered  with  so 
that  necrosis  results  or,  as  sometimes  ha]3pens,  especially  in  cancer, 
the  active  stroma  )jy  its  contraction  retards  the  extension  of  the 
tumor. 

Xormal  cells  are  under  control  in  some  way  or  other.  They 
cease  to  jiroliferatii  after  a certain  limit  of  size  of  organ  or  need  of 
secretion  is  reached.  The  same  limited  grovdh  of  cells  and  tis- 
sues, due  ])robably  to  a control  of  chemical  nature,  becomes  evi- 
dent under  various  inflammatory  conditions,  including  those  of 
regeneration  and  rejiair. 

Vitality. — In  some  respects  tumor  cells  seem  to  ]iossess  greater 
vitality  tlian  normal  cells,  at  least  they  are  able  to  obtain  nutrition 
and  multi])ly  while  at  the  same  time  the  normal  cells  which  are 
interfered  with,  atrophy  and  disa])pear.  Thus,  on  the  one  hand  a 
tumor  may  grow  rapidly  while  the  patient  is  wasting  away,  or  it 
may  infiltrate  and  destroy  an  organ. 

On  the  other  hand,  some  tumors  at  least  are  more  suscejifible 
to  .T-rays  and  radium  emanations  and  disa])i)ear  under  tlu'ir  in- 
fluence while  the  normal  cells  persist. 

Morphology. — A tumor  is  an  attempt  at  the  formation  of  a 
tissue  or  organ  (the  simple  tumor),  or  more  or  less  of  an  entire 
fetus  (the  mixed  tumor).  The  results  are  sometimes  very  close 
cojiies  in  detail,  that  is,  in  the  construction  of  single  cells  and  in 
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the  f>T()ui)inf2;  of  cells  in  aeini,  hut  iievei-  in  f>;ross.  In  ^-('rn'i-al  it 
may  he  said  that  tlie  more  tlu'  cells  differ  Irom  tlu'  noi'inal  in 
structure  and  arrangement,  the  more  likely  is  the  tumor  com- 
posed of  them  to  he  malignant. 

Function. — So  far  as  i)lyysiologic  function  is  concerned  a 
tumor  is  useless  and  may  even  he  dangerous.  The  smooth  and 
striated  muscle-cells  do  not  fit  into  the  plan  and  architecture  of  the 
body  and  cannot  he  utilized.  The  hile  secreted  hy  a liver  cell 
cancer  has  no  way  of  getting  into  the  intestinal  tract.  The 
colloid  material  of  a thyroid  tumor  or  the  internal  ]R’oduct  of  an 
adrenal  tumor  needs  no  duct  and  can  he  directly  ahsorhed,  hut 
it  may  prove  injurious,  or  in  case  of  destruction  of  the  organ 
itself,  useful. 

Cause.  In  the  lesions  of  tj'j^hoid  fever  and  usuall}^  of  tuher- 
culosis,  for  exami)le,  we  have  a marked  diffuse  or  focal  accumula- 
tion of  endothelial  leukocytes  which  arise  largely  h}-  i)rolifcration, 
as  is  shown  hy  the  ])resence  of  numerous  mitotic  figures.  This 
accumulation  and  multijilication  of  cells  is  due  to  definite  causes, 
the  toxins  arising  from  the  typhoid  and  tuhercle  bacilli.  The 
cells  ai-e  needed  to  produce  antitoxins  to  combat  the  toxins.  In 
the  case  of  the  tyjihoid  bacillus  the  reaction  is  sharji  and  Quick j 
it  is  over  in  two  to  three  Avecks  and,  if  the  jiatient  recovers,  the 
endothelial  leukocytes  disai)])ear  quickl.y  because  they  are  no 
longei  needed.  In  the  case  of  the  tuhercle  liacillus  the  reaction 
is  usually  continuous  liecause  not  effective. 

In  like  manner  we  frequently  get  a proliferation  of  filiroldasts 
from  at  least  two  definite  causes;  injury  to  other  fibroblasts 
(regeneration  of  connective  tissue),  and  the  presence  of  fibrin 
(organization  of  thrombi,  etc.).  For  tumors  no  such  definite 
cause  of  proliferation  can  at  present  he  advanced. 

In  the  past  all  sorts  of  causes  have  been  assigned;  injury, 
long  continued  irritation,  bacteria,  ]irotozoa.  They  have  all 
been  urged  at  least  for  certain  types  of  tumors,  and  have  all  been 
discaided  until  recently.  In  the  past  few  years,  however,  injury, 
severe  or  long  continued,  has  come  to  the  front  again  as  a frequent 
cause  of  certain  type's  of  cancer  and  possibly  of  some  other  varieties 
of  tumors.  This  change  of  vieAv  is  due  to  the  repeated  occuri-ence 
of  caicinoma  following  excessive  exposure  to  .r-rays  and  radium. 

A similar  formation  ol  carcinoma  following  exjAosure  to  ordinary 
sunlight  occurs  rarely  in  a few  very  susceptible  individuals 
(melanoderma),  d he  exact  manner  in  Avhich  the  cancer  arises 
has  not  been  fully  determined,  but  it  seems  to  be  due,  not  to  direct 
stimulation  of  the  epithelium,  but  to  injury  done  the  connective 
tissue  and  blood-vessels  as  a result  of  which  excessive  regenera- 
tive efforts  on  the  jiart  of  the  epithelium  are  called  forth.  Other 
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injurious  agents  may  possilily  act  occasionally  in  some  similar 
way. 

Evidently  something  starts  the  cell,  which  jiroduces  a tumor, 
to  ])roliferate  just  as  a spermatozoon  influences  an  ovum,  or  as 
recent  experimental  work  has  shovm  conclusively  vai'ious  chemical 
reagents  may  do.  Perhaiis  the  solution  of  the  cause  of  cancer 
lies  along  this  same  line. 

Origin.— We  know  more  in  regard  to  the  origin  of  tumors  in 
general  than  we  do  in  regard  to  their  cause.  Many  of  them  un- 
questionably arise  from  cells  which  have  become  displaced  from 


Fig.  169. — Carcinoma  of  mammary  gland.  The  liyalinc  bodic.s  arc  prod- 
uct.s  of  secretion  or  deg(>n(?ration  and  were  formerly  exploit('d  as  i)arasites  and 
the  cause  of  cancer.  M.  and  W. 


their  normal  relations  during  fetal  and  postembryonic  tlevelopment, 
or  have  persisted  into  adult  life  when  they  should  have  disajiiieared 
after  their  function  in  the  fetus  had  been  performed. 

Still  others  arise  from  local  tissue  abnormalities  of  various  sorts 
and  from  fetal  inclusions.  We  can  often  find  examjiles  of  fetal 
rests,  displacements,  and  local  tissue  abnormalitit's.  The  fetal 
inclusions  we  as.sume  with  confidence  because  we  have,  as  good 
evidence,  the  occurrencii  of  occasional  monstrosities  in  the  same 
locations  where  the  mixed  tumors  most  often  arise.  These  four 
definite  sources  of  origin  of  tumors  will  be  taken  up  separately. 
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Many  of  the  remaining;  tumors  may  arise  from  tlie  same  or  similar 
abnormalities,  but  at  present  we  are  unable  to  demonstrate  them. 

Fetal  Rests.- — Certain  structures  formed  during  earl}'  embry- 
onic life  give  rise  to  various  organs  and  tissues.  After  they  have 
served  their  purpose  these  structures  usually  disapi)ear  entirely  or 
in  part.  If  separate  cells  or  cell  groups  l)elonging  to  these 
structures  persist  they  are  called  fetal  rests.  AArious  examples 
may  be  mentioned:  remains  of  the  neural  canal  over  the  coccyx, 
of  the  branchial  clefts  in  the  neck,  of  the  iMlillerian  and  Wolffian 
ducts  in  the  oviduct  and  broad  ligament,  of  the  notochord  at 
the  base  of  the  skull. 

A knowledge  of  fetal  rests  is  important  on  several  accounts. 
While  the  majority  of  them  cause  no  trouble,  some  of  them  un- 
questionably give  rise  to  tumors.  They  ex])lain  the  presence  of 
certain  types  of  tumors  in  situations  where  they  apparently  have 
no  right  to  be,  for  example,  gliomas  over  the  cocc}^x  and  at  the 
base  of  the  nose  from  remains  of  the  neural  canal.  If  the  fetal 
rests  are  of  early  embryonic  development  the  cells  may  differ- 
entiate in  several  ways  anti  give  rise  to  mixed  tumors;  if,  however, 
the  fetal  rests  were  formed  at  a late  stage  of  develoi3inent  they 
are  ca])able  of  giving  rise  only  to  simple  tumors. 

Fetal  Displacements. — During  fetal  development  cells  or 
groups  of  cells  are  olten  displaced  from  their  normal  relations. 
Such  displacements  are  especially  lialde  to  occur  in  those  places 
where  developmental  conditions  are  com})licated  and  where 
consideraI)le  movement  of  cell  masses  normally  occurs.  A re- 
markable example  of  such  a condition  is  presented  in  the  for- 
mation of  the  organs  of  the  abdominal  ca\dty. 

Dis])laced  cells  tend  to  develop  in  exactl}^  tlie  same  way  as  they 
would  have  done  if  they  had  remained  in  theii-  normal  environ- 
ments. If  the  resulting  cell  masses  are  small,  they  are  called 
letal  displacements;  if  large,  they  often  form  secondary  organs, 
llius  we  may  have  accessory  s])leens,  or  an  accessoiy  i)ancreas 
in  the  wall  of  the  stomach  or  elsewhere. 

The  following  examples  vill  serve  to  show  the  variety  of  fetal 
displacements.  Disjilaced  adrenal  cells  are  common,  not  only 
in  the  caj)sule  of  the  adrenal  and  in  the  surrounding  fat  tissue,  but 
also  in  the  kidney  and  its  capsule,  along  the  ureter,  the  eiiididymis 
anti  elsewhere.  Epithelial  cells  which  would  normally  give  rise 
to  epidermis  are  sometimes  displaced  into  close  association  with 
the  central  nervous  system.  The  desquamated  iwoduct  of  their 
growth  forms  rounded  pearly  masses  of  cornified  epithelium, 
which  have  been  regarded  as  tumors  (cholesteatoma^s).  Fat-cells 
also  are  sometimes  displaced  into  the  cerebrospinal  canal.  The 
result  of  the  normal  development  of  such  a fat-cell  is  not  a lipoma 
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])ut  a fetal  disiilaceiiient.  Cartilage  cells  are  sometimes  displaced 
ill  postembryoiiic  time  as  the  result  of  rickets  and  may  continue 
to  grow  as  they  would  have  done  under  normal  conditions.  The 
result  is  an  abnormality  (exostosis  cartilaginea),  not  a tumor. 

Displaced  cells  cannot  always  be  found  or  seen;  because  of 
later  occurrences  we  j udge  them  to  have  taken  ])lace.  For  exainjile, 
an  osteosarcoma  of  the  breast  is  jirobably  duetodisiilaced  periosteal 
cells  from  an  imtlerlying  rib. 

Local  Tissue  Abnormalities. — This  term  includes  both  fetal 
rests  and  displacements,  but  is  applied  here  to  such  minor  devia- 
tions as  result,  for  example,  from  excess  of  fetal  development  of 
some  particular  kind  of  cell.  Tlius  we  have  congenital  nevi  due 
to  overgrowth  of  vascular  endothelium  or  of  chromatojihores,  and 


Fig.  170. — Cholesteatoma.  A mass  of  eornifiefl  epithelial-cells  which  has  been 
slowly  formed  and  {jressed  into  the  brain. 

molluscum  fibrosum  from  excessive  growth  of  fibroblasts  in  the 
corium. 

ITom  the  congenital  vascular  nevi  the  different  forms  of 
hemangio-endothelio-blastoma  usually,  in  fact  aiiparently  always, 
arise  while  the  melano-blastoma  frecpiently  has  its  origin  in  a 
congenital  pigmented  mole. 

Fetal  Inclusions. — The  occurrence  of  teratomas  in  certain 
situations  can  be  explained  only  on  the  assumjition  that  within 
one  fetus  there  has  been  included  a cell  which  could  have  formed 
another  fetus.  This  view  is  favored  by  the  occurrence  of  mon- 
strosities frcipiently  in  the  same  situations,  as  over  the  coccyx, 
for  example. 

Tumor-like  Formations. — A variety  of  tumor-like  formations 
occur  which  must  be  carefully  distinguished  from  the  tumors. 
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To  do  so  with  certainty  is  not  always  easy.  A few  illustrative 
examples  are  given. 

From  Fetal  Rests.— A branchial  cleft  of  the  neck  persi.sting  as  a 
sinus  is  an  abnormality.  If  l)oth  ends  of  the  sinus  are  closed  the 
cavity  may  be  dilated  into  a cyst  bj^  the  accumulation  of  secrc'- 
tions.  In  tliis  way  there  is  formed  a simple  dermoid  cyst  which 
is  not  at  all  a true  tumor.  Simjde  dermoid  cysts  may  be  formed 
in  a similai-  way  in  other  parts  of  the  body  where  eihthelial-lined 
surfaces  are  united  during  fetal  development;  for  example,  over 
the  coccyx,  in  the  orbit,  etc. 

Sini])le  cysts  may  be  formed  by  dilatation  of  remains  of  the 
Mullerian,  Wolffian  and  other  ducts. 

From  Fetal  Displacements.— Displacement  of  eihdermal  cells 
into  close  relation  with  the  central  nervous  S3^stem,  and  their 
development  as  if  they  had  remained  in  their  normal  location, 
leads  occasionally  to  the  formation  of  single  and  multiide  pearl- 
like  bothes  due  to  the  piling  up  of  cornified  epithelial  cells.  These 
bodies  are  termed  cholesteatomas  anti  were  long  regarded  as  true 
tumors.  From  such  a cell-displacement  an  epidermoid  carcinoma 
might  arise;  that  would  be  a true  tumor. 

Displaced  adrenal  cell  masses,  if  of  considerable  size,  are  some- 
times regm-ded  as  adenomas.  It  is  not  always  easy  to  decide  on 
their  exact  nature. 

From  Pathologic  Processes.— Obstruction  of  the  mouth  of 
the  duct  of  a sebaceous  gland  often  leads  to  marked  dilatation  of 
the  (iuct.  The  result  is  a cyst  lined  with,  epidermis  and  known 
clinically  as  a wen.  ens  like  simple  dermoids  are  sometimes 
mistaken  for  true  tumors.  They  have  no  relation  to  the  true 
teratomatous  dermoid  cysts  occurring  in  the  ovary,  testicle,  and 
occasionally  elsewhere.  ’ 

Oiganization  of  a fibrinous  exudate  in  the  jieritoneal  cavitj' 
sonietnnes  results  in  a multi])le  cystic  formation  which  has  been 
mistaken  for  a tumor  (endo-  or  mesothelioma).  The  cysts  are 
lined  with  mesothelium  derived  from  mesothelial  cells  which  had 
not  been  destroyed:  these  cells  have  jiroliferated  and  lined  the 
serum-filled  spaces  ]iresent  in  the  fibrin  while  it  was  undergoing 
organization  by  fibroblasts. 

Regenerative  efforts  on  the  part  of  a severed  nerve  lead  to  a 
tumor-like  formation  often  called  an  amjmtation  neuroma. 

The  lesion  underlying  a hypertrophied  jirostate  may  be  inter- 
pietu  as  an  adenoma  or  as  glandular  In'perplasia  often  combined 
^^u  1 more  or  less  dilatation  of  the  liimina  of  the  acini. 

The  tissue  masses  formed  as  the  result  of  the  reaction  to  the 
lejionenia  pallidum  and  the  tubercle  bacillus,  for  examjiles,  ma,y 
occasionally  be  easil}'  mistaken  for  true  tumors  on  gross  examina- 
17 
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tion.  The  terms  syjihiloiiui  and  lulxTciilous  granuloma  are 
occasionally  apiilied  to  such  lesions. 

The  infectious  lesion  of  the  skin  called  molluscum  contagiosum 
resembles  to  some  extent  an  ejiidermoid  cancer,  and  the  coccidium 
oviforme  produces  in  the  bile  ducts  of  the  rablht’s  liver  the  typi- 
cal structure  of  a ])a])illary  cystoma. 

Manner  of  Growth. — Tumors  grow  entirely  by  multijilication 
of  their  own  cells,  not  by  the  transformation  of  normal  cells  into 
tumor  cells.  In  the  jiast  the  exact  nature  and  diagnosis  of  many 
a tumor  has  been  liased  on  the  statement  that  it  has  been  possible 
to  trace  every  gradation  from  normal  cells  to  tumor  cells.  This 


Fig.  171. — Alollu.sciitn  contagio.sum.  M.  and  W. 


claim  has  been  made  es])ecially  for  new-growths  of  the  uterus  in 
the  attempt  to  demonstrate  that  certain  ra]hdly-gTowing,  in- 
filtrative, spindle-cell  tumors  wore  rapidly-growing  leiomyomas  as 
they  probably  were.  The  arguments,  however,  were  founded  on 
incorrect  observation,  inter])retation  and  deduction;  they  should 
have  been  based  on  cell  differentiation. 

So  far  as  exact  observation  goes  at  the  ])resent  time  all  active 
tumor  cells  multiply  entirely  by  indirect  division,  that  is  by  mitosis. 
This  statement  (loes  not  deny  that  degenerating  tumor  cells  may 
occasionally  divide  directly  l)y  amitosis. 

Tumors  grow  in  two  ways:  by  expansion  and  by  infiltration; 
the  two  types  of  growth  are  often  combined. 


TUMORS 


259 


In  growth  1)}^  expansion  the  tumor  eells  are  said  to  gi’ow  in  a 
solid  mass  shoving  the  normal  eells  before  them.  This  statement 
is  not  entirely  true  beeause  blood-vessels  and  more  or  less  eonnee- 
tive  tissue,  enough  to  furnish  a blood  sui)])ly  and  physical  su])port 
for  the  cells,  always  remain  in  the  tumor  and  develoj)  with  it. 
But  the  other  eells  are  pushed  back  and  the  ])arenchymal  cells 
(liver-  and  muscle-cells  for  instance)  are  comjn-essed  so  that  they 
atrophy  and  disaj^pear.  The  connective-tissue  cells,  however, 
jx'i-sist  as  a fibrous  capsule  around  the  tumor  and  may  even  in- 
crease in  number.  This  tyj^e  of  growth  is  characteristic  of  benign 
tumors  (lipoma,  fibroma,  etc.). 


I ig.  172.  Coccidium  oviforme  in  l)iie  duct  of  nibbit’.s  liver,  ciui.sing  the  forma- 
tion of  papilliforous  cy.st.  i\I.  and  W. 

In  growth  by  infiltration  the  tumor  cells  jienetrate  between 
the  cells  of  the  tissue  in  which  they  arise.  As  a rule,  owing  to 
their  greater  vitality,  by  pressure  and  by  using  ujt  the  nutrition, 
they  lead  to  necrosis  or  atrojihy  and  disappearance  of  the  jtaren- 
chymatous  cells;  only  the  connective-tissue  cells  and  the  blood- 
vessels ordinarily  persist  in  the  end. 

^\  hen  tumor  cells  grow  in  between  the  tissue  cells  they  lie  in 
the  lymph-spaces  which  surround  all  cells.  The  tumor  cells  may 
extend  in  this  way  so  gradually  and  uniformly  that  the  tumor  is 
shar])ly  defined  and  looks  as  if  it  were  growing  l)y  ex])ansion. 
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In  other  instances  a tumor  will  si)read  out  very  extensively  and 
diffusely,  or  will  extend  ver}^  rapidly  in  one  or  another  kind  of 
tissue  and  ])resent  little  of  the  ap])earance  we  ordinarily  associate 
with  a new-growth.  Thus  in  one  instance  a glioma  of  the  lumbar 
cord  reaching  the  pia  s])read  in  it  the  entire  length  of  the  cord  and 
over  the  brain,  presenting  an  appearance  which  was  at  first  mis- 
taken for  an  organizing  or  a tuberculous  meningitis.  In  otlier  in- 
stances tumors  will  grow  into  cavities  (alveoli  of  lung,  uterus),  and 
ducts  (mammary  gland),  or  into  lymphatics  and  blood-vessels,  and 
extend  along  them,  adapting  themselves  more  or  less  perfectly 
to  the  natural  cavities.  Tumors  may  thus  branch  in  various 


directions  and  extend  ov(t  a large  amount  of  s])ace  and  yet  the 
cells  may  all  remain  in  direct  continuity,  a ]mrt  ol  the  original 
primary  tumor  (cavernous  hemangio-endothelioma). 

Structure. — All  tumors  consist  of  two  parts;  of  the  tumor  cells 
and  their  products,  and  of  the  stroma.  The  tumor  cells  form  the 
])arenchyma  and  as  distinguished  from  the  stroma  are  the  true 
essential  part.  The  stroma  is  entirely  secondary  and  is  furnished 
by  the  surrounding  tissue.  It  is  common  to  all  tumors.  Its  cells 
are  not  tumor  cells  although  it  is  sometimes  difficult  to  distinguish 
th(*m  everywhiTe  from  th('  tumor  ci'lls,  es])ecially  in  a fil)ronia  or 
fibrosarcoma  because  the  nature  of  thetwo  kinds  of  cells  is  identical. 
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On  the  other  liand,  it  is  easy  in  the  ease  of  a glioma,  espeeially  of 
the  dense  slow-growing  type,  because  by  special  staining  methods 
it  is  possible  to  make  the  different  tyjjes  of  cells  and  their  fibrils 
stand  out  in  marked  contrast. 

Tumor  Cells.— The  true  tumor  cells  tend  to  differentiate  in 
exactly  the  same  way  as  do  the  normal  cells  to  Avhich  they  cor- 
respoml.  In  slow-growing  tumors  the  differentiation  may  l)e 
perfect.  In  ra])idly-groMing  tumors  the  cells  may  dejiart  so  widely 
from  the  model  that  it  cannot  be  recognized.  The  nuclei  often 
show  much  variation  in  size  and  are  often  larger  than  in  the  normal 


lig.  1<4.  Carcinoma  of  mammary  gland.  Mitotic  figure  in  last  stage  of 

division.  M.  and  t\'. 


cells.  The  tumor  cells  themselves  frequently  exhilnt  marked 
differences  both  in  size  and  in  shajie. 

Mitosis.  Ilapidly-growing  tumor  tissue  offers  very  favorable 
material  for  the  study  of  cell  jtroliferation  because  the  mitotic 
ngures  are  often  exceedingly  numerous,  and  the  tissue  can  usually 
>e  obtained  in  a ]terfectly  fresh  condition  at  the  ojterating  talde 
and  placed  at  once  in  thin  sections  in  any  fixative  de.sired. 

^lultiitle  mitoses  are  not  infrequent;  two,  three  or  four  spindles 
are  common  and  they  may  number  dozens  or  even  run  u]i  to  a 
undred  or  more,  giving  rise  to  giant-cells  of  various  sizes  with 
ew  to  many  nuclei.  Such  true  tumor  giant-cells  have  been  found, 
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for  example,  in  the  followiiifi;  types  of  tumor:  fibrosarcoma,  glioma, 
lymphoblastoma,  carcinoma. 

i\Iiilti])le  mitoses  are  not  necessarily  diagnostic  of  tumor  growth 
bc'cause  they  occur  as  well  in  various  inhanimatory  and  rejiarative 
jirocesses. 

Stroma. — The  stroma  of  tumors  ordinarily  consists,  like  that 
of  the  glandular  organs,  of  connective  tissue  and  blood-vessels. 
It  may  be  newly  formed  or  consist  of  the  existing  stroma  of  the 
organ  or  tissue  in  which  the  tumor  is  situated,  or  it  may  be  a com- 
bination of  the  two.  The  amount  of  stroma  varies  greatly  in  dif- 


Fig.  17.5. — Carcinoma  of  maiiimary  gland.  Multiple  mitosis.  A lymphocyte 
is  included  within  the  cell.  M.  and 


f{T('nt  tumors.  Jt  may  be  slight  and  scarcely  demonstrable  or 
more  abundant  than  the  tumor  tissue  itself. 

We  can  best  assure  ourselves  that  the  blood-vess('ls  and  con- 
nective tissue  are  newly  forim'd  in  the  case  of  enca])sulated  tumors 
and  of  those  which  grow  above  surface's  and  into  ducts.  When 
a tumor  infiltrates,  the  jireexisting  vessels  and  connective  tissue 
may  lx*  all-sufficient  and  no  mnv  ones  may  be  formed,  or  they 
may  be  stimulated  to  active  ]irolif('ration. 

The  nature  of  th('  stroma,  its  arrangement  and  structure, 
(U'pend  to  a considerable  extent  on  the  tumor  cells.  Wherever  a 
breast  cancer  metastasis  takes  place  (lymph-node,  bone  marrow) 
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the  stroma  formed  is  usually  ahuiidaiit  and  often  resembles  that 
seen  in  the  healing  of  wounds.  Wherever  the  cells  of  a lymi)ho- 
hlastoma  are  carried,  a connective-tissiu'  reticulum  is  usually 
formed  for  them.  The  slow-growing  varieties,  howevc'r,  oft(>n 
lead  to  the  i)roduction  of  abundant  fibrous  connective  tissue. 

Tumor  cells  seem  umiuestionably  to  incite  in  some  way  a 
proliferative  activity  on  the  part  of  the  fibroblasts.  Some  kinds 
of  cells  exert  a greater  influence  than  others.  In  general  it  may  be 
said  that  tumor  cells  obtain  about  the  same  amount  of  connective 
tissue  as  subtends  normal  cells  of  the  same  kiml.  For  exani])le 
in  the  epithelial  tumors,  the  ei)itheliuni  of  the  mammary  glands 
and  ducts  are  subtended  Iw  a large  amount  of  connective  tissue. 
Ihe  epitnelial  tumors  of  the  breast  cause  an  abundant  connectivc'- 
tissue  stroma  to  be  formed.  This  is  best  seen  when  metastases 
of  cancer  take  place  into  the  axillary  lym])h-nodes  or  into  the  bone 
marrow.  On  the  other  hand,  the  adrenal  contains  very  little 
connective  tissue  and  tumors  of  the  adrenal  cause  the  production 
of  very  little  connective  tissue.  The  same  is  true  of  the  chorion- 
epithelioma. 

Of  course  rapidity  of  growth  inlays  some  j^art.  The  connective 
tissue  is  always  better  developecl  in  the  slower  growing  tumors  of 
any  given  type.  In  the  ordinary  leiomyoma  every  muscle-cell 
is  .surrounded  by  collagen  fibrils  produced  l)y  fibrobla.sts  which 
accompany  the  l)lood-vessels  and  sj^read  between  the  muscle-cells. 
To  a considerable  extent  the  collagen  fibrils  are  the  cause  of  the 
denseness  and  toughness  of  these  tumors.  In  those  which  grow 
rapidly  little  or  no  stroma  is  formed  and  the  tumor  is  soft  and  easily 
teased  aj)art. 

While  the  connective  tissue  of  the  stroma  is  u.sually  fibrous  in 
character,  occasionally  it  is  mucous.  Rarely  in  tumors  involving 
bone  the  fibroblasts  of  endosteal  and  periosteal  origin  are  ost('o- 
plastic,  that  is,  produce  bone  owing  to  some  chemical  effect  of  the 
tumor  cells  upon  them. 

If  the  tumor  grows  slowly  the  blood-vessels  are  well  formed, 
with  muscle-cells  and  fibroblasts  to  strengthen  the  walls  of  the 
larger  ve.ssels.  If  growth  is  ra])id  the  vessels  may  consi.st  of  only 
a single  layer  of  endothelial  cells  and  be  so  thin  and  delicate  that 
hemorrhages  followc'd  by  necrosis  take  j)lace  readily.  The  blood- 
vessels may  vary  greatly  in  number  and  in  .size.  For  examjile,  a 
rapidly-growing  leiomyoma  of  the  uterus  was  like  a coarse  s])onge 
in  structure  owing  to  the  large  size  and  number  of  the  blood-ve.ssels, 
i^nd  colla))sed  to  half  its  volume  when  cut  into.  Such  a tumor  is 
not  an  angioleiomyoma  but  sini])ly  a very  vascular  rapidly-growing 
leioinyoma. 

The  stroma  of  a cancer,  especially  of  the  lu’east,  often  suggests 
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scar  tissue,  as  if  it  liacl  resulted  from  an  infiammatory  reaction. 
When  an  epidermoid  carcinoma  of  the  skin  first  starts  there  is 
usually  marked  inflammatory  reaction  adjoining-  it:  infiltration 
with  lym]:)hocytes  and  jilasma  cells  occurs,  occasionally  a few  eosin- 
ojihiles  are  present  and  there  may  be  active  ])roliferation  of  filiro- 
blasts  which  are  sometimes  to  be  found  in  mitosis. 

Retrograde  Metamorphoses. — Tumors  are  subject  to  many  of 
the  retrograde  changes  which  affect  normal  tissues,  such  as  necro- 
sis, the  accumulation  of  fat  in  the  cells  and  intercellular  substances, 
calcification,  hemorrhage,  pigmentation  and  hyaline  change  of 
the  connective-tissue  stroma.  To  these  changes  they  react  as 
do  the  normal  tissues:  necrosis  may  call  out  an  inflammator}^ 
exudation;  fat  often  leads  to  the  emigration  of  large  numbers  of 
endothelial  leukocytes  which  take  up  the  fat  in  their  cytoiilasm. 
Sometimes  the  stroma  is  packed  with  these  cells.  At  other  times 
mastcells  are  present  (leiomyoma  of  uterus)  and  eosinophiles 
sometimes  occur  in  great  numbers  (carcinoma  of  cervix  uteri, 
scirrhous  tyjie  of  lymphoblastoma). 

Following  hemorrhage  the  red  blood-corpuscles  arc  taken  uii 
by  endothelial  leukocytes  and  transformed  into  hemosiderin, 
causing  a type  of  pigmentation  sometimes  called  false  melanosis. 

When  a tumor  adjoins  a surface,  necrosis  often  results  in 
extensive  ulceration.  This  condition  is  seen  most  often  in  car- 
cinoma involving  the  gastro-intestinal  tract. 

Tumors  are  frequently  exposed  to  bacterial  invasion.  They 
react  just  as  do  the  normal  tissues.  The  blood-vessels  and  their 
contents  and  the  stroma  are  similar  in  the  two  kinds  of  tissues. 
The  tumor  cells  may  undergo  necrosis,  but  they  do  not  interfere 
with  an  inflammatory  exudation  taking  place. 

Gross  Characteristics. — In  describing  the  gross  apiiearances 
of  tumors  it  is  customary  to  consider  size,  shape,  color  and  con- 
sistence. Of  these  qualities,  color  and  consistence  alone  are  more 
or  less  characteristic  in  the  case  of  certain  tumors.  Thus  black 
is  fairly  diagnostic  of  a melanoma,  green  of  myeloblastoma  nodules, 
red  to  purple  of  a hemangio-endothelioma,  and  the  consistence 
of  a chondroma  or  of  an  osteoma  is  quite  characteristic. 

The  gross  appt'arance  of  a tumor,  while  often  very  suggestive, 
should  never  be  considered  as  absolutely  diagnostic.  The  diag- 
nosis should  always  he  based  on  cell  differentiation  and  cell  ar- 
rangement as  seen  under  the  microscope. 

Size.— Tumors  vary  greatly  in  size,  from  microscopic  col- 
lections of  cells  to  masses  weighing  more  than  the  individuals 
possessing  them.  Large  tumors  are  not  so  common  nowadays  as 
formerly  because  pi'ople  are  recognizing  more  and  more  the  im- 
portance of  having  them  removed  early. 
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Thosizoof  tumors  (lopeiuls  in  goiiomi  on  tM’o  factors,  namoly  on 
rapidity  and  on  duration  ot  f>roMdli.  Homctinies,  as  in  th(>  ease*  of 
a scirrhous  carcinoma,  they  represent  an  actual  loss  of  substance 
owing  to  infiltration  and  destruction  of  the  normal  tissue,  followed 
by  contraction  of  the  stroma.  Necrosis  and  ulceration  may  like- 
wise lead  to  much  loss  of  the  normal  tissue  as  well  as  of  the  tumor. 

Shape.  The  shape  of  tumors  in  general  tends  to  lie  sjiherical 
especially  when  they  grow  e.xpansively  (fibroma,  liiioma)  but 
also  often  when  they  infiltrate  (cancer,  glioma).  iNIaii}^  other 
forms  occur,  however,  and  various  descrijitive  terms,  most  of 
which  are  self-ex]ilanatory,  have  been  applied,  such  as  the  follow- 
ing.  nodular,  lobulated,  tuberous,  pol^qioid,  paiiillaiy,  racemose 
tungoid,  cauhflower-like.  The  different  forms  depend  to  some 
extent  on  the  vascular  supply,  on  the  presence  of  olistructions 
which  jirevent  growth  in  certain  directions,  and  on  the  tendency 
of  all  tumors  to  adapt  themselves  more  or  less  to  the  form  of  iire- 
e.xistmg  cavities  (ducts,  blood-vessels,  spinal  canal,  etc.). 

Color.— The  color  of  tumors,  like  that  of  normal  tissues 
depends  on  microscopic  conditions.  Cells  massed  together  are 
m geneial  gray  and  translucent.  This  condition,  best  seen  in  a 
filirosarcoma,  is  generally  compared  to  fish  flesh.  It  may  be 
altered  in  various  ways. 

Fat  iiresent  in  the  form  of  small  droplets  in  the  cells  reflects 
light  111  all  directions;  as  a result  the  tissue  appears  ojiaque  white 
to  yellow.  Fat  is  commonly  present  here  and  there  in  many 
tumors,  but  especially  in  cancer,  owing  to  interference  with  the 
nutrition  of  the  cells. 

Necrotic  cells  appear  opaque  white  to  yellow  owing  to  some 
c icinical  change.  As  a rule  they  also  contain  fat. 

Elastic  fibrils  are  sometimes  present  in  masses  in  cancer  of  the 
breast  and  appear  to  the  naked  eye  as  small  yellow  areas. 

If  a tumor  is  vascular  and  the  vessels  congested  the  blood  may 
so  mask  the  tissue  that  its  real  nature  will  be  overlooked;  for 
example,  a vascular  lijioma  may  be  mistaken  by  the  surgeon  for 
a sarcoma.  Blood  cscaiiing  from  the  vessels  may  cause  a variety 
o colors,  red,  brown,  or  black,  and  give  rise  to  a false  melanosis 
''  nch  can  be  demonstrated  by  the  reaction  for  ii’on. 

if  the  fluid  is  amber  colored,  may  cause  a fibroma  to 
oo  V 1 'e  a lijioma,  but  the  knife  cutting  it  is  not  greased. 

The  green  color  of  myeloblastoma  nodules  fades  rapidly  on 
cxposine  to  air  but  ma}^  be  restoretl  quickly,  but  only  temporarih', 

icatment  with  peroxide  of  hydrogen. 

nodules  in  the  liver  are  sometimes  stained  greenish  by 

iMelanin,  the  pigment  of  the  melanoma,  is  a product  of  meta- 
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bolisin  of  the  c*hroimito])hores  and  aiipi'ars  microscopically  in  the 
form  of  minute  brownish  granules. 

Consistence. — The  consistence  of  some  tumors  depends  on 
the  amount  and  character  of  the  intercellular  substance  produced 
by  the  tumor  cells  (fibroma,  glioma,  osteoma) ; of  others  on  the 
amount  and  character  of  the  stroma  (carcinoma,  leiomyoma, 
lymphoblastoma).  It  varies  within  wide  limits,  from  the  deli- 
cacy of  a ra])idly-growing  sarcoma  to  the  ivory-like  density  of  an 
osteoma  durum. 

Recurrence. — When  there  is  failure  to  remove  all  of  a tumor  the 
part  left  liehind,  if  it  be  only  a single  cell,  will  continue  to  multiply 
until  another  tumor  mass  is  formed.  This  is  termed  a recurrence. 
The  danger  of  recurrence  is  so  well  recognized  nowadays  that 
surgeons  usually  remove  a wide  margin  of  aiiparently  normal 
tissue  around  a tumor  to  avoid  any  risk.  This  is  particularly 
true  of  cancer  because  it  infiltrates  the  surrounding  tissue  so  far, 
and  so  readily  invades  and  extends  along  lymphatics.  However, 
the  surgeons  not  infrequently  fail  either  because  the  original  tumor 
has  infiltrated  farther  than  they  suspected,  or  liecause  they  were 
unalile  or  unwilling  to  remove  as  large  a zone  of  normal  tissue  as 
was  desirable.  Occasionally  a malignant  tumor  shells  out  so 
easily  that  infiltration  of  the  surrounding  tissue  is  not  suspected. 
In  the  older  days  it  was  not  uncommon  to  cut  into  the  tumor 
during  the  operation  and  so  inoculate  the  wound.  Finally  an  appar- 
ent recurrence  may  be  due  to  metastasis  in  the  immediate  neigh- 
borhood of  the  original  tumor. 

Under  this  same  heading  must  be  mentioned  the  apparent 
recurrence  of  keloid  after  removal.  This  is  a tumor-like  growth 
due  to  excessive  proliferation  of  connective  tissue,  usually,  perhaps 
always,  associated  with  repair  of  the  corium  following  injury. 
Removal  of  the  tumor  repeats  the  injury  and  leads  to  a like  for- 
mation. In  one  case  removal  of  the  apparent  recurrence  led  to  a 
second  return  and  probaldy  the  process  could  have  been  repeated 

indefinitely.  . . 

Metastases. — When  tumors  grow  from  the  ])eginnmg  within 

vessels  or  cavities  or  invade  them,  cells  or  masses  of  cells  may  lie 
set  free  and  he  carried  to  other  points  within  the  vessels  or  cavities 
and  there  continue  to  grow  and  to  proliferate.  A secondary  growdh 
arising  in  this  way,  entirely  apart  physically  from  the  original  or 
primary  tumor,  is  called  a metastasis.  IMetastases  occui  most 
commonly  by  way  of  the  lymphatics,  less  frequently  through  the 
blood-vessels,  and  only  to  a comparatively  moderate  extent 
within  cavities  lined  with  epithelium.  Some  tumors  metastasize 
most  often  by  way  of  the  lymphatics  (carcinoma,  lym])hoblastoma) ; 
others  by  the  blood-wssels  (myeloblastoma,  melanoma);  a few 
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in  all  three  ways.  Some  tumors  imhastasize  so  (juiekly  uiid  (»irlv 
that  they  are  often  claimed  to  be  of  multiple  origin  (mycdoma 
lymphoblastoma). 

The  cells  of  a tumor  may  get  into  blood  or  lymj)h-vessels  or 
into  epithelial  lined  cavities  in  several  ways; 

(a)  By  direct  migration  of  the  tumor  cells  into  vessels  (Ivnmho 

blastoma,  myelolilastoma).  ^ ^ 

(b)  By  the  growth  of  the  tumor  into  vessels  or  cavities  wherebv 
cells  or  groups  of  cells  may  be  set  free  (cancer,  melanoma). 

(c)  By  rupture  of  a tumor  growing  within  a cavity  (papilhirv 

adenocystoma).  ^ m i 

(d)  By  cells  being  sot  free  or  ti-:ms|>lanted  (inoculutod)  at  a 

surgical  operation.  ' / i 

Cells  set  free  within  lilood- vessels  are  usually  carried  along  bv 
the  circulation  until  they  block  a capillary  or  a small  artery 

ithin  veins  they  may  be  stopped  by  valves.  Then  if  conditions 
aie  fa\orable  they  j)roliferate  and  form  secondary  nodules  i\Iet- 
astases  develop  much  more  often  in  some  organs'  and  tissues  Bian 
in  others.  Conditions  of  a chemical  nature  jirobably  play  an 
important  ])art.  ^ 

Cells  witlnii  lymphatics  are  likewise  carried  along  until  they 
meet  with  obstruction,  usually  within  lymidi-nodes 

I tumor  cells  enter  the  blood  stream,  metastases  are  most 
hkcK  tofoim  m the  liver  and  lungs;  but  cancers  of  the  prostate 
and  (H-east  are  prone  to  have  metastases  develoji  in  the  bone 
marrow.  A melanoma  is  likely  to  gB^  rise  to  secondary  nodules 
ill  many  organs  and  tissues,  including  heart,  skin  and  gall-bladder. 

-Metastases  by  way  of  the  lymphatics  are  naturalh'  of  most 
common  occurrence  in  lyni]ih-nodes,  although  sometimes  they 
develop  e.xtensively  within  the  lymph-vessels  themselves,  as  in  the 
lungs,  for  example. 

Metastases  by  trans])lantation  within  an  epithelial-lim'd 
cavity  are  most  common  in  the  ])eritoneal  cavity.  A]i])arentlv 
the  cells  simiily  plant  themselves  on  the  surface  and  develop; 
afer  a stroma  is  furnished  them  from  the  underlying  tissues. 

A etastases  usually  occur  in  the  direction  of  the  current  of 
^oo(-  and  1>  mjih-vess('ls;  rarely  in  a retrograde  direction;  for 
example  m lymjih-vessels  from  the  breast  to  the  axillary  lymph- 
1101  er,,  tioin  over  the  sacrum  to  the  inguinal  Ivmph-nodes;  and 
rom  the  abdominal  cavity  by  way  of  the  thoracic  duct  to  the 
Diood  stream  and  into  the  lungs. 

Afetastases  by  way  of  the  blood  follow  the  peculiarities  of  the 

1(11  ation,  from  the  stomach  and  much  of  the  intestinal  tract 

o le  i\ei,  l)ut  fnjin  the  rectum  as  well  as  from  the  uterus  to 
the  lungs. 
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From  primary  metastasos  in  the  luiif2;s,  colls  may  be  set  free 
and  form  secondary  metastases  in  various  parts  of  the  body. 

Tumor  cells  may  pass  throuf^h  the  caiiillaries  of  the  lungs  and 
develoj)  elsewhere  in  the  arterial  circulation;  or  develop  in  the 
same  way  after  passing  through  an  o]ien  foramen  ovale. 

^^’hile  metastases  usually  develop  rajiidly  cases  are  on  record 
where  they  were  not  evident  until  after  many  years. 

The  stroma  of  a metastasis  is  furnished  entirely  hy  the  tissue 
in  which  the  tumor  cells  proliferate. 

Malignancy. — A tumor  is  often  said  to  be  malignant  or  benign 
according  as  it  endangers  or  not  the  life  of  the  individual  possessing 
it.  There  is  a clinical  as  well  as  a patliologic  use  of  these  de- 
scriptive terms  and  the  two  forms  of  usage  do  not  entirel}'  har- 
monize. 

Clinically  any  tumor  is  malignant  which  destroys  life  whether 
it  grows  rapidly  or  slowl}",  and  whether  it  infiltrates  surrounding 
tissue  and  gives  rise  to  metastases  or  not.  From  this  point  of 
view  certain  kinds  of  tumors  are  invariably  malignant  because 
they  are  destructive  of  important  organs  (most  types  of  cancer) ; 
others  are  so  usually  (dural  endothelioma);  or  only  occasionally 
(fibroma  of  epiglottis,  or  naso])harynx)  owing  to  the  location  in 
which  they  grow. 

From  the  pathologic  point  of  view  the  term  malignancy  is  not 
easy  to  define  in  exact  terms.  The  usual  characteristics  assigned 
are  rapidity  of  growth,  infiltration  (and  consecpiently  destruction) 
of  surrounding  tissues  and  the  formation  of  metastases.  Some 
malignant  tumors  possess  all  these  characteristics;  others  only 
one  or  two  of  them. 

Itapidity  of  growth  is  a common  Init  not  necessary  character- 
istic. Some  cancers  grow  with  marked  slowness,  yet  infiltrate 
and  give  rise  to  metastases,  and  eventually,  after  many  years, 
cause  death.  On  the  other  hand,  some  tumors  cause  death  in 
months  or  even  weeks. 

Infiltration  of  surrounding  tissues  is  usually  regarded  as  a sure 
sign  of  malignancy,  yet  one  type*  of  tumor,  the  Iiemangio-endo- 
thelioma,  always  infiltrates  (fat-  and  muscle-tissues  and  nerves 
especially)  and  yet  is  not  ordinarily  regarded  as  malignant,  and 
almost  never  gives  rise  to  metastases. 

The  formation  of  metastases  is,  iicrhaps,  the  most  important 
evidence  of  malignancy,  although  rarely  or  never  exhibiti'd  by 
certain  types  of  tumors.  For  example,  glioma  of  the  central 
nervous  system  is  an  infiltrative,  malignant  tumor  which  sometimes 
spreads  far  by  direct  extension,  but  only  one  case  of  metastasis 
is  on  record.  On  the  other  hand,  a glioma  arising  over  the  coccyx 
from  fetal  remains  of  the  neural  canal  gave  iise  to  metastases  in 
the  lymi)h-nodes  of  both  groins. 
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Slow-groM-in«-  ohondromas  occasioiuilly  invade  l)lood-v('ssels 
and  give  rise  to  nietastases.  likewise  a sloAv-groAving  leionivoina 
ni;iy  metastasize. 

Tumor  cells  are  not  in  themselves  malignant.  They  ])ossess 
in  some  respects  greater  vitality  than  manv  normal  tissue  cells 
and  usurp  their  nutrition;  in  this  VTiy  and  bv  ])ressure  due  to 
more  rapid  growth  they  destroy  the  normal  cells,  Imt  biologicallv 
they  are  of  the  same  nature.  ^ 

Multiplicity.  Some  tumors  are  not  infrequently  multi))le  at 
the  .start.  There  may  be  dozens  of  them,  rarelv  hundreds  to 
thousands. 

Leiom^mmas  of  tlie  uterus  are  often  multiple,  several  to  a 
dozen  or  more,  llarely  they  occur  in  large  numbers  in  the  skin. 

libroinas,  usualh'  of  congenital  origin,  sometimes  number 
hundreds  to  thousands  in  the  skin  and  along  the  perij:>heral  nerves. 

Lipomas  are  sometimes  niultij)le. 

Some  tumors  metastasize  so  early  that  they  ai)pear  to  be  of 
multiple  origin  (myeloma,  lymphoblastoma). 

A cavernous  hemangio-endothelioma  may  a])parently  be 
multqde  owing  to  its  forming  a number  of  nodules,  but  the  nodules 
always  appear  m chronologic  order  and  are  really  all  connected 
together  by  direct  extension  of  the  tumor  through  blood-vessels. 

The  nodules  represent  simply  local  develo]micnts  of  the  iirimarv 
tumor  itsi'lf. 

A few  tumors  of  congenital  origin  are  often  or  usuall}'  tlouble; 
neuiobla.stoma  of  the  eye;  mixed  tumor  of  the  kidnev. 

Heterogeneous  Tumors. — Occasionally  an  individual  will  have 
at  the  same  time  two  or  more  tumors  of  different  character, 
foi  example,  coincident  leiomyoma  and  carcinoma  of  the  uterus, 
or  two  different  types  of  carcinoma.  Two  unusual  cases,  seen 
Iiersonally,  are  worth  citing. 

1.  05.150.  Alale,  aged  fifty-one  years;  death  from  rupture  of 
esophageal  vein  secondary  to  cirrhosis  of  the  liver.  Carcinoma 
(malignant  adenoma)  ol  colon.  Pa])illary  adrenal  tumor  of  kidney. 
Adenoma  of  kidnev. 

2.  04.41.  Female,  aged  seventy;  death  from  bronchoi)neu- 
monia.  Adenoma  of  left  adrenal  gland.  Leiom^’oma  of  uterus. 
Tibroma  of  ovary.  llapidl3^-growing  leiomyoma  of  broad  liga- 
ment. Adenomas  of  liver.  So-called  cavernomas  of  liver. 

Differentiation  of  Normal  Cells. — In  order  to  understand 
something  about  the  different  varieties  of  tumors  and  how  tlie}^ 
ma\  be  distinguished  more  or  less  j^ositiveh'  from  one  another. 

It  IS  necessary  to  know  as  much  as  pos.sil)le  of  the  development 
and  differentiation  of  normal  cells. 

As  is  well  known,  ever>^  individual  higher  organism  starts 
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from  a single  cell,  the  fertilizetl  ovum.  This  cell  multiplies 
mitosis  and  gives  rise  to  three  layers  of  cells  known  as  the  ejiiblast, 
the  mesoblast  and  the  hypoblast.  The  cells  of  these  three  layers 
undergo  further  multiplication.  They  also  undergo  a process  of 
develoinnent  or,  better,  of  differentiation  in  consi'quence  of  which 
various  types  of  cells  are  ]iroduced  according  to  the  function  they 
are  to  perform  later.  These  different  types  of  cells  can  be  dis- 
tinguished from  one  another  by  the  ]iossession  of  certain  charac- 
teristic morphologic  features.  One  cell  is  characterized  by  the 
develoinnent  of  iieculiar  structures  within  its  cytoplasm  (striated 
muscle-cell,  eosinophile) ; another  cell  produces  fibrils  ]iossessing 
peculiar  staining  properties  (neuroglia  cell);  another  cell  secretes 
and  surrounds  itself  with  an  intercellular  substance  which  dis- 
tinguishes it  from  all  other  cells  (fil)roblast,  cartilage  cell).  But 
once  a cell  has  reached  a certain  degree  of  development  it  cannot 
retrogress  and  give  rise  to  cells  of  other  types,  derived  from  cells 
whicli  have  differentiated  in  other  ways. 

This  can  be  stated  in  another  way  by  saying  that  after  the 
three  germ  layers  are  formed,  the  cells  of  one  layer  cannot  give 
rise  to  the  differentiati'd  cells  jiroduced  by  the  other  two  layers; 
for  example,  the  cells  of  the  mesoblast  cannot  produce  the  neu- 
roglia cells  derived  from  the  ejiiblast. 

Type  Cells. — There  occur  in  the  human  body  some  fifteen 
different  distinct  varieties  of  cells,  giving  rise  to  tumors,  which 
may  be  denominated  type  cells.  Borne  of  these  cells  are  very 
sharply  characterized  so  that  they  are  readily  recognized  (fibro- 
blast, neuroglia  cell) ; others  are  recognized  with  more  or  less  dif- 
ficulty (endothelial  cell,  lymphocyte).  Borne  of  these  cells  occur 
in  more  than  one  form  and  stage  of  fleveloiiment  (endothelial 
cell,  endothelial  leukocyte;  lymphoblast,  lymphocyte,  plasma 
cell;  myeloblast,  myelocyte,  neutrophile,  eosinoiihile,  etc.). 
There  are  other  type  cells  which  seem  not  to  give  rise  to  tumors 
(erythroblast,  megakaryocyte). 

Each  of  these  fifteen  type  cells  gives  rise  to  a series  of  tumors 
which  grow  at  various  rates  of  speed.  All  gradations  occur 
between  the  slowest  and  fastest  growing.  With  some  of  the  tumors 
the  two  extremes  in  rate  of  speed  of  growth  are  recognized  by  dif- 
ferent names  assigned  accordingly  (fibroma,  spindle-cell  saicoma), 
with  other  tumors  one  name  usually  includes  all  rates  of  siieed 
(glioma,  lipoma,  melanoma,  neuroblastoma). 

The  list  of  type  cells  and  of  the  tumors  arising  from  them 

follows. 
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SIMPLE 

T'ype  cell 

1.  Fibroblast  (connective-tissue 

cell). 

2.  Myxoblast  (mucous  connective- 

tissue  cell). 

3.  Chondroblast  (cartilage  cell). 
-|..  Osteoblast  (bone  cell). 

5.  Lipoblast  (fat-cell). 

6.  Leiomyoblast  (smooth  muscle- 

cell). 

7.  Endot helioblast 

(a.  blood-vessel  endothelium.) 

(b.  lymph-vessel  endothelium.) 
(c.  dural  endothelium.) 

S.  Lymphoblast  (lymphocyte). 


Q.  Myeloblast  (myelocyte). 

10 

11.  Melanoblast  (pigment  cell). 

12.  Rhabdomyoblast  (striated  mus- 

cle-cell). 

13.  Glioblast  (neuroglia  cell). 

14.  Neuroblast  (nerve-cell). 

15.  Epil helioblast  (epithelial  cell). 


7'UMORS 

Name  of  tumor  and  what  it  includes 

Hbroblastoma  (fibroma,  fibrosar- 
coma ) . 

Myxoblastoma  (myxoma,  myxosar- 
coma). 

Chondroblastoma  (chondroma, 
chondrosarcoma). 

Osteoblastoma  (osteoma,  osteosar- 
coma). 

Lipoblastoma  (lipoma). 
Leiomyoblastoma  (leiomyoma,  leio- 
myosarcoma) . 

Endothelioblastoma. 

(a)  hemangio-endolhelio-blastoma 

(hemangioma,  angioma). 

(b)  lymphangio-endolhelio-blasto- 

ma  (lymphangioma). 

(c)  dural  endothelio-blastoma 
(dural  endothelioma). 

Lymphoblastoma  (lymphosarcoma, 
malignant  lymphoma,  lymphatic 
leukemia). 

Myeloblastoma  (myelogenous  leu- 
kemia, chloroma). 

(myeloma). 

INIelanoblastoma  (melanotic sarcoma, 
melanoma). 

Rhabdomyoblast  oma  (rhabdomy- 

oma, rhabdomyosarcoma). 
Cilioblastoma  (glioma,  gliosarcoma). 
Neuroblastoma  (neuroma). 
Epithelio-blastoma  (adenoma,  pap- 
illoma, carcinoma). 


Differentiation  of  Tumor  Cells. — Tumor  colls  tend  to  differ- 
entiate as  the  cells  from  which  they  arise  wotild  do  under  normal 
conditions.  For  examjile,  a leiomyoma,  a smooth  musele  tumor, 
an.ses  from  the  ]:>roliferation  of  a smooth  miiseh'-cell  or  of  a cell 
Mhich,  under  normal  conditions,  would  have  jiroduei'd  smooth 
mtiscle-eells. 

If  the  growth  of  the  tumor  is  slow  the  differentiation  of  the  cells 
may  Ix'  as  perfect  as  in  normal  tissues  although  as  a rule  it  is  not. 

hen  the  cell  nnilti):)lication  is  rapid  the  differentiation  of  the 
ee  s is  less  marked  and  may  be  entirely  wanting  excejit,  jierhaps, 

111  some  jiart  where  nutrition  is  less  favorable  and  growth  is  less 
rapid. 

d he  study  and  recognition  of  the  differentiation  of  tumor  cells 
are  exceedingly  important,  for  on  the  differentiation  de}iends  the 
exact  diagnosis  of  the  various  kinds  of  tumors.  At  ]ircscnt  certain 
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loose  iiulefiiiitc  terms  sueli  as  spindle-cell  sarcoma,  round-cell  sar- 
coma, perithclial  angiosarcoma  are  much  in  use;  they  should  be 
o-iven  up  so  far  as  possible.  The  use  of  them  indicates  lack  of 
exact  knowledge.  Such  general  terms  are  permissible  only  when 
the  rate  of  growth  is  so  rajiid  that  cell  differentiation  does  not 
take  place  and  an  exact  diagnosis  is  im])ossible.  Such  a con- 
dition rarely  obtains.  These  terms  signify  only  shajie  of  cell  or 
type  of  growth,  features  which  are  not  characteristic  of  an}"  one 
type  of  tumors.  For  exanpile,  a tumor  with  spindle-shaped  cells 
may  prove,  on  careful  examination,  to  be  any  one  of  the  follow- 
ing new-growths : fibrosarcoma,  chondrosarcoma,  osteosarcoma, 
melanoma,  leiomyoma,  glioma,  rhabdomyoma,  hemangio-endo- 
thelioma  or  neuroblastoma. 
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Fig.  17(). — Fibro.sarcormi  of  hone  containing  numerous  foreign  body  giant-cells. 

M. 


Similarly  a tumor  with  round  cells  may  be  demonstrated  to 
l)e  a lymiihoblastoma,  melanoma,  myeloblastoma,  myeloma, 
neuroblastoma,  osteosarcoma,  chondrosarcoma  or  leiomyoma. 

A p(‘rith('lial  angiosarcoma  is  not  a iteculiar  type  of  tumor, 
l)ut  a form  of  growth  (k'pendent  on  malnutrition.  Cells  at  a 
distance  from  blood-vessels  receive  less  nutrition  and  readily 
imdt'rgo  necrosis,  dissolution  and  absorjition.  Owing  also  to  lack 
of  nutrition  no  exudative  or  rejtarative  ])rocesses  occur.  The 
vesst'ls  are  thus  set  free  from  (‘ach  other  with  only  a sheath  of 
tumor  cells  around  th('in.  In  conseiiuence  they  often  may  lie 
drawn  out  in  threads  like  the  tubules  of  the  normal  testicle  of  the 
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mlult.  biicli  a of  groAvth  is  not  infroquent  in  any  of  the 
followino- tumors:  melanoma,  neurol)lastoma  (of  the  retina)  and 
fibrosarcoma,  and  may  occur  in  glioma  and  carcinoma  (In-ekst 
skin).  ’ 

Psa^oma  is  a term  often  ap])lied  to  tumors  containing 
calcified  hyaline  concretions.  Such  sand-like  material  may 
occur  m a variety  of  tumors;  for  exam]ile,  dural  endothelioma 
carcinoma  of  ovary,  carcinoma  of  antrum  of  Highmore.  Sucli 
tumors  should  be  classified  according  to  the  tvjie  of  cell  conniosing 
them,  not  named  from  some  accidental  calcified  product  of  secre- 
tion or  retrograde  process. 


.r_  -•  - ‘ - 


I'ig.  177.  Foreign  body  giant-cells  formed  in  stroma  of  meUvstatic  cancer  in 

bone  marrow.  .M. 


Giant-cell  sarcoma  is  another  term  which  is  misleading  and 
should  be  abolished.  At  least  two  types  of  giant-cells  occur  in  tu- 
mors. One  type  results  from  multiple  mitoses  and  signifies  rapid 
giowth.  It  is  a true  tumor  cell  with  characteristics  like  the  other 
ce  s m the  tumor  in  "which  it  is  present.  This  kind  of  giant-cell 
occurs  in  a variety  of  rajiidly-growing  tumors,  such,  for  example, 
nosarcoma,  glioma,  lympholilastoma,  carcinoma.  Its  origin 
n evidenced  b}"  the  presence  of  numerous  multiple  mitoses. 

( j y enough  tumors  containing  this  t}’pe  of  giant-cell  are  rarely 
called  giant-cell  sarcomas,  etc. 

18 
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CUant-cells  of  the  second  type  are  found  most  commonly  in 
new-growths  involving  bone.  They  occur  both  in  rapidly-growing 
and  in  slow-growing  tumors.  There  are  no  multiple  mitoses  to 
explain  their  origin. 

Giant-cells  of  this  type  produce  no  fibrils.  They  are  foreign 
body  giant -cells,  similar  to  the  osteoclasts  of  normal  bone  and  are 
due  to  the  fusion  of  endothelial  leukocytes  attracted  into  the  tumor 
by  the  presence  chiefly  of  lime  salts  which  they  dissolve  and  re- 
move. They  signify  usually  disintegration  of  bone,  rarely  the 
presence  of  fat  and  fat  crystals.  Sometimes  they  are  present  in 
great  numbers  in  epidermoid  carcinomas,  attracted  by  the  cornified 
epithelium  which  they  digest  and  remove.  They  occur  most 


Fig.  178. — Fibrosarcoma  of  bone  containing  true  tumor  giant-cells,  due 
to  multiple  mitoses  (one  of  which  is  present),  and  foreign  body  giant-cells 
(with  dark  cytoplasm)  due  to  fusion  of  endothelial  leukocytes  around  particles 
of  lime-salts  which  attracted  them  into  the  tumor. 


commonly  in  fibroma  and  fibrosarcoma  involving  bone,  in  the 
stroma  of  cancer  metastases  in  bone;  in  osteosarcoma. 

Rarely  a rapidly-growing  fibrosarcoma  involving  bone  may 
contain  both  types  of  giant-cells.  The  tumor  containing  foreign 
body  giant-cells  should  be  classified  according  to  the  nature  of 
the  other  cells  present  in  the  tumor;  the  foreign  body  giant-cells 
should  be  disregarded.  They  do  not  signify  either  rapid  growth 
or  malignancy. 

Classification. — Tumors  are  classified  like  normal  tissues  on  a 
histologic  basis;  that  is,  on  the  differentiation  of  the  cells  com- 
posing  them.  When  the  differentiation  of  the  cells  is  marked, 
as  it  ordinarily  is  in  slow-growing  tumors,  a diagnosis  of  the  nature 
of  the  tumor  is  usually  easy,  ^^ilen  growdh  is  rapid,  however, 
the  differentiation  is  slight  and  may  be  entirely  w^anting.  In  the 
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hitter  case  we  may  he  able  only  to  guess  at  the  probable  diagnosis 
from  the  situation  in  which  the  tumor  grows,  or  from  having  for 
comparison  with  it  a series  of  tumors  of  the  same  nature  growimr 
at  all  rates  ot  speed.  Sometimes,  too,  in  a jiart  of  the  tumor  the 
cells  may  grow  slowly  so  that  more  or  less  differentiation  of  them 
has  had  time  to  take  jilace;  and  from  them  the  character  of  the 
growth  can  be  ascertained. 

In  the  classification  of  tumors  a knowledge  of  the  embryoloaic 

development  and  appearance  of  the  normal  tissue  cells  is  imnortant 
for  two  reasons. 

If  a tumor  grows  rapidly  its  cells  do  not  have  time  to  differ- 
entiate to  any  extent;  they  remain  of  an  embryonic  type  which 

must  be  recognized  (nerve-cells  and  striated  muscle-cells  for  ex 
ample).  ’ 

Embtyology  is  useful  in  ex])laining  the  occurrence  of  certain 
tumors  111  certain  situations;  for  instance,  a glioma  in  the  nasal 
sinuses  or  over  the  coccyx;  adrenal  cell  tumors  in  the  kiilneyand 
hver;  a chordoma  at  the  base  of  the  skull;  an  epidermoid  car- 
cinoma deep  m the  neck  not  connected  with  the  skin. 

Under  every  recognized  variety  of  tumor  should'  be  grouped 
both  the  s ow  y-growmg  and  the  rapidly-growing  tumors  built  up 
by  the  multip  ication  of  the  same  type  cell.  In  no  other  way  is 
1 possible  fully  to  understand  each  variety  of  tumor  and  find 
out  Its  characteristics.  The  type  cell  is  the  one  important  element 
in  every  tumor.  From  it  the  tumor  should  be  named,  not  from 
some  peculiarity  of  minor  importance,  such  as  method  of  growth 
or  arrangement  of  cells,  or  form  of  retrograde  change. 

Besides  the  fifteen  varieties  of  simple  tumors,  there  are  other 
tumors  due  to  the  proliferation  of  cells  of  an  earlier  embryonic 
t}iie  which  are  capalile  of  differentiation  into  two  or  more  of  the 
simple  adult  type  cells.  These  tumors  are  called  mixed  tumors, 
several  varieties  occur,  some  very  simple,  others  more  complex 

in  structure.  The  most  complex  tumors  arise  from  cells  capable 
of  developing  into  a fetus.  ^n{)ame 

Nomenclature— The  nomenclature  of  tumors  is  very  un- 
satistactory.  Most  names  were  applied  long  ago  when  much  less 
as  known  about  tumors  than  now.  Consequently  they  have 
)ecome  heirlooms  which  are  not  easily  cast  off.  Many  imIn■o^T- 

arcopted  ''''''' ''''''''  suggestetl  and  a few  have  been  generally 

Ihe  use  of  some  names  has  been  restricted.  The  term  car- 
cmoma  was  formerly  applied  to  all  malignant  tumors.  It  is  now 
contmed  to  malignant  new-growths  of  an  epithelial  nature.  The 

. malignant  tumors  of 

-epithelial  nature.  The  tendency  now  is  to  restrict  its  use 
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to  the  fom-  types  of  rapklly-growinf?  tumors  derived  from  the 
fibroblast  (fibrosarcoma,  myxosarcoma,  chondi  osai  conia  a ( 
osteosarcoma).  Perhaps  it  would  be  advisable  to  retain  it  in  the 
broader  meaning  of  signifying  rapid  growth,  but  such  terms  as 
gliosarcoma  and  rhalKlomyosarcoma  ofiend  some  pc.ople  strangely 
t)n  the  other  hand,  it  would  eiial.le  us  to  avoid  the  use  of  the 
clinical  phrases,  such  as  malignant  leiomyoma,  etc. 

One  good  suggestion  is  being  iollowed  more  and  moie,  to  jo 
the  ending  blastoma  to  the  name  of  each  kind  of  cell  of  a 
type  and  have  the  term  apply  to  all  the  tumors  arising  from  that 
tvne  of  cell-  a few  examples  are  given;  fibrol)lastoma  (includes 
fibroma  ami  filirosarcoma) ; osteoblastoma  (includes  osteoma  and 
osteosarcoma);  glioblastoma  (includes  glioma  and  gliosaicoma.), 
eTthet^llatonm  (includes  adenoma  and  carcinoma);  enibryo- 
blastoma  (includes  embryoma  and  teratoma). 


Simple  Tumors 

INTRODUCTION  TO  THE  FOUR  CONNECTIVE-TISSUE  TUMORS 
The  first  four  types  of  tumors  (fibroblastoma,  myxoblastoma 
chondroblastoma,  osteoblastoma)  are  very  closely 
as  are  the  normal  tissues  to  which  they  correspond.  They  a e 
sometimes  included  under  the  term  “the  connective-tissue  tii 

"'"'n’l’e  or, Unary  connective-tissue  cell,  the  fibroblast,  proiliices 
fibroalia  and  collagen  fibrils.  It  has  inherent  in  it  however,  the 
property  of  being  able  to  manufacture  certain  oper  sulistances. 
Thus  in  many  situations,  as  in  the  walls  of  blood-vessels,  it  also 
moduces  elastic  fibrils.  In  other  situations  and  also  under  certa  n 
pathologic  conditions  the  fibroblast  may  produce,  a‘t‘>'t'o«  « 
tte(  kimls  of  fibrils  already  mentione,!,  three  , hfferent  km.ls 
of  homogeneous  substances,  namely,  mucin,  chondroniucm  am 

"“‘tumors  in  which  the  fibroblast  pro,hices  only  filwils  are 
inchnled  under  the  term  fibroblastoma  which  covers  borli  fibioma 

‘‘"'\f'th7fibXkst  produces,  in  addition  to  the  fibrils,  a 
homoaeneoiis  intercellular  substance  known  as  mucin,  pe  cell  . 

wi  th  it  gives  rise  are  included  under  the  term  myxoblastoma,  or 
more  commonly  myxoma  or  myxosarcoma,  according  to  then  la  e 

^l7 'the  fibroblast  produces  a solid  homogeneous  intercellular 
sub  aiice  kiln  as  .■homlromuciii,  it  is  callcl  a carti  age  cell  an, 
Thl.  tiiimirs  are  inclmlcl  umler  the  term  chomlrol.lastoma,  ,ir 
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chondroma  or  choiidi-osarcoma,  according  to  rate  of  growtli 
Three  varieties  of  cartilage  cells  are  recognized,  namely,  hyaline’ 
hhrous  and  e astic,  according  to  the  amount  of  chondromucin 
secreted  and  the  number  of  collagen  and  elastic  filjrils  jiresent 
11  the  hliroblast  jiroduces  in  addition  to  the  fibrils  a dense 
homogeneous  intercellular  sulistance,  knovTi  as  osseomucin  in 
vhich  hme-salts  tend  to  be  deposited,  it  is  called  a bone  cell 
lumors  of  which  the  cells  tend  to  differentiate  into  bone  cells  are 
included  under  the  term  osteoblastoma  or  commonly  osteoma  or 
osteosarcoma,  according  to  rate  of  growth.  Bone  cells  may  arise 

L”  Osteoblast  ^ ' intermediate  cell  known  as 

_ Cartilage  and  bone  cells  are  end  products.  They  do  not 
rejuvena  e and  by  mitosis  give  rise  to  other  cartilage  and  boiie 
cc  Is  They  all  arise  from  less  differentiated  cells,  the  fibroldasts 
of  the  perichoiKhmm  and  peri- and  endosteum,  which  have  in- 
heient  m them  the  property  of  producing  homogeneous  inter- 
cellulai  substances  m addition  to  various  filirils 

Owing  to  the  intimate  relation  between ’the  four  tvnes  of 
connective  tissue  all  of  which  arise  in  fact  from  the  fibroblast 
^ IS  easy  to  understand  how  tumors  frequently  occur  in  which 
\arious  combinations  and  proportions  of  the  fibrils  and  inter- 

ll.e  oriS,  h 'V  it  are  prosoat. 


I.  FIBROBLASTOHA  (FIBROMA,  FIBROSARCOMA) 
Definition.— A group  of  tumors  of  inesencliymnl  origin 


1 ■ . . " ui  iinnors  oi  mesenchvinn  niMo-U-i 

lie  i m 1 laiacteiized  by  produeing  regularly  two  kinds  of  filirils 
ameii  respect, yoly,  fiinogiia  and  collagen  fibrils.  d ti, 
y K.ye  „se  to  elastic  fibrils,  but  it  iloes  not  do  so  umiei  all  c,,m 
tv  **  1 three  kinds  of  fibrils  can  be  readih-  differentiated 

" Them  r '•  methhr 

more  evt”  ‘’ionitated  ceil  with  one  or 

oval  in  sharah'’''"'’'-'"?  "'b'*  ‘•'■'<1 

^^nape  and  \esicular  in  character.  The  fibiviolin  cu„-i 

ertophs'm  Ind  folT''"  r"'™','  the  surface  of  the 

interceauiar  I T The  eollagon  fibrils  are 

titructure  lnn  h^^^  ““  i‘> 

of  laro-er  and  smalt^'^  mi  ‘''1”  l>'i>i<lies 

ooars,rsbff  “ "‘f-  fi'inls  vary  from  fine  to 

coarse  ami  form  .an  interlacing  network 
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The  fibroblast  forms  a ^reat  variety  of  tissues  in  the  body, 
aponeuroses,  tendons,  supporting  and  binding  tissues  of  all  sorts. 
It  varies  in  size  and  shape  and  in  the  amount  and  arrangement 
of  the  collagen  and  elastic  fibrils  it  produces  m these  diffcient 
tissues  in  accordance  with  the  function  it  has  to  perform.  In  the 
cornea  the  fibrils  are  abundant  and  run  in  thin,  closely  compacted 
layers.  In  the  corium  the  bundles  of  collagen  fibrils  are  loosely 
bound  together.  In  the  cortex  of  the  ovary  the  fibiils  are  fe^\  in 
number  and  the  cells  are  more  or  less  spindle-shaped.  It  is  not 
surprising,  therefore,  that  the  tumors  arising  from  fibroblasts  in 
different  parts  of  the  body  should  vary  much  in  appearance, 
structure,  and  texture. 


jrjg  ]79_ — Fibroma.  Few  colls,  many  collagen  fibrils. 

Rate  of  Growth. — Tumors  arising  from  fibroblasts  grow  at 
all  rates  of  speed.  One  on  a big  toe  was  thirteen  years  in  leaching 
a diameter  of  five  cm.  Others  grow  with  great  rapidity,  forming 
large  tumors  in  a few  months.  To  the  slower-growing  tumors 
the  term  fibroma  is  applied,  while  those  which  grow  rapidly  are 
classed  under  the  term  fibrosarcoma.  The  dividing  line  is  not 
always  easy  to  determine,  but,  for  practical  purposes  if  mitotic 
figures  are  present  the  tumor  should  be  regarded  as  a fibrosarcoma. 
When  the  cells  divide  by  mitosis  it  is  always  transversely,  across 
the  long  axis  of  the  cell. 

Histologic  Structure.— The  cells  of  tumors  arising  from  fibro- 
blasts tend  to  differentiate  like  the  normal  cells,  they  arc  fiat 
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Fig.  180.  Fibrosarcoma.  Cells  fibroglia  fibrils  red,  collagen 


Fig.  181.— Fibrosarcoma.  Colls  viewed  sidewise. 
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cells  with  oval  nuclei  and  produce  fibroslia  and  collagen  fibrils, 
and  occasionally  elastic  filirils.  The  collagen  fibrils  are  always 
the  more  abundant  and  the  more  easily  stained  and  recognized. 
They  surround  in  equal  amount  all  cells  growing  at  the  same  rate 
of  speed.  In  fibromas  the  fibroglia  fibrils,  like  the  cells  themselves, 
are  few  in  numljer.  The  tumors  are  composed  chiefly  of  inter- 
lacing bundles  of  collagen  fibrils.  In  the  more  slowb^-growing 
fibrosarcomas  the  fibroglia  fibrils  are  more  prominent,  but  in  those 
in  which  the  cell  ]iroliferation  is  very  rapid  both  kinds  of  fibrils 
are  so  delicate  that  they  are  seen  with  difficulty  except  when 
deejdy  stained  or  when  viewed  on  end. 

Giant-cells. — Occasionally,  esiiecially  in  the  more  rapidly- 
growing  fibroblast omas,  numerous  multiple  mitoses  and  multi- 
nucleated  cells  arising  from  them  are  present.  Some  of  the  cells 
may  contain  dozens  of  nuclei.  These  giant-cells  are  true  tumor 


Fig.  1<S2. — Fihro.sarconui.  (’('11s  vicnved  in  (n-oss-soc.tioii. 


c('lls  and  jiroduce  fibrils  like  the  other  cells.  They  indicate 
abundant  nutrition  and  usually  rapid  growth. 

More  often  giant-cells  of  another  type  are  present.  They  are 
foreign  body  giant-cells  due  to  fusion  of  endothelial  leukocytes 
which  have  been  attracted  into  the  tumor  by  foreign  bodies  of 
some  sort  or  other,  usually  fat  crystals  or  lime-salts,  and  have 
fused  around  them.  On  this  account  this  type  of  giant-cell  is 
common  in  fibroblast  omas  involving  l)one. 

Stroma. — The  stroma  of  fibroblast  omas  consists  of  blood- 
vessels and  connective  tissue  deriv('d  from  the  surrounding  tissue. 
They  run  in  the  centers  of  the  strands  of  tumor  cells  which  run 
])arallel  with  them.  The  most  active  ])roliferation  and  the  young- 
est tumor  cells  always  adjoin  the  vessels.  In  the  most  rapidly- 
growing  tumors  the  stroma  consists  for  the  most  ]oart  only  of 
blood-vessels  lined  with  a single  layer  of  endothelium.  In  the 
more  slowly-growing  tumors  tin*  vessels  are  accom]xmied  by  a 
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183. 


■Fibrosarcoma  containing  multipio  inito.ses  and 

cells. 


true  tumor  giant- 


Fig.  1S4.— Fibro.sarcoma.  Multiple  mito.si.s. 
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varying!;  amount  of  coimoctive  tissue  wliich  cannot  ahva3's  be 
readily  distinguished  from  the  tumor  tissue. 

Fibroma. — While  there  is  no  shar])  line  separating  the  slowly 
and  ra]iidh'-growing  fibroblastomas  from  each  other,  because  all 
gradations  in  rate  of  growdh  occur,  it  is  advisable  to  discuss  separ- 
ately and  briefly  the  two  extremes  of  growth  recogniz(‘d  by  the 
terms  fibroma  and  fibrosarcoma. 

Histologically  the  cells  and  filirils  of  a fibroma  are  joined  to- 
gether sometimes  in  large  bundles  which  run  in  different  directions,. 


Fig.  18.5.— Fil)rosmcoina.  True  tumor  giunt-cell.  Many  nuclei  and  centro- 

somes  present. 


sometimes  in  small  strands  which  twist  and  twine  in  everj  wuy. 
If  the  bundles  and  strands  are  closely  woven  the  result  is  a compact, 
hard  tumor,  fibroma  durum;  if  loosel}^  woven,  a flabliy,  shaiieless, 
tough  mass,  fibroma  mode.  Sometimes  edema  has  the  same  effect 
on  a fibroma  causing  it  to  be  flabby,  tough,  and  on  section  moist. 

Fibromas  usually  grow  expansively  and  form  spherical  or 
rounded  noflular  masses.  As  a ruks  they  are  surroumled  by  a 
fibrous  capsule  and  are  dangerous  clinically  only  from  size,  loca- 
tion, or  pressure  exerted.  Occasional!}^  they  grow  dihusely  and 
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tond  to  infiltrate.  Fre([uently  they  are  niultijile,  oeeurring-  some- 
times iji  o-reat  miml)ers  in  tlie  skin  and  along  nerves.  Jtandy  tluy 


log.  LSb.  Fibroma.  Cells  few  in  number.  Collagen  fibrils  form  wavv 

bundles.  M. 


■ V. 


• ' ^ >■  ’ T 

‘ ’V‘ 

I-'ig.  lS7.-I.-ib,„m„.  Colls  .sn,l  fibrils  in  small  bumlle-s  whiol,  run  in  ovorv 

direetion.  M.  ^ 

oTromiVnnm.o''”  “"inR  t»  Pxtonsion  .aions 

oi  aiouml  ntucb  or  otlier  structures.  They  originate  most 
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Fig.  ISS. — Fihronui  developing  from  sheath  of  nerve.  Nuclei  tend  to 
occur  in  groui)s,  close  together;  hence  the  clear  areas  where  only  cytoplasm 
and  collagen  fibrils  are  present.  M. 


Fig.  1st). — Fibrosarcoma.  M. 


TLLMOUS 


2S5 


^ '^i'i 

7^-J:  ^ v3^jr>.^yKl*l*‘.  vJ 


{•^'•W'V; 


X X.  - — ' .•  ‘It,,  ’•V'tSvit'/-*^ 


Fig.  190. — Fibrosarcoma  invading  fat-tissnc.  :M. 
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I«l.-Fil,r„sara„,u.  Cells  and  librils  in  small  Imndles  „-|,icl,  ran  in 

various  directions.  M. 
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monly  in  the  skin,  innscles,  fasciie,  tendons,  periosteum,  ovaries 
and  uterus.  On  section  the  hard  varieties  are  white  and  glistening 
when  the  bundles  of  cells  and  fibrils  run  horizontally,  and  of  various 
shades  of  grey  when  the  bundles  are  cut  obliquely  and  trans- 
versely. The  flabby  varieties  are  light  grey  and  if  edematous 
are  translucent.  Karely  the  serum  in  an  edematous  fibroma  may 
color  it  yellow  like  fat. 

Fibrosarcoma. — The  rapidly  growing  tumors,  the  filirosar- 
comas,  tend  to  infiltrate  the  tissues  in  which  they  grow  and  to 
give  rise  to  metastases,  especially  by  way  of  the  lilood  stream, 
to  the  lungs,  liver  and  other  organs.  The  cells  are  almost  always 
s]hndle-shaped  and  may  be  large  or  small.  Occasionally  they  are 
oval,  round  or  polymorphous.  On  section  the  cut  surface  is  even, 


Fig.  192. — Fibrosarcoma  of  l)rcast.  Numerous  collagen  fibrils.  One  mitotic 

figure.  Fibroglia  fibrils  blue. 

translucent  and  resemltles  fish  flesh.  As  a rule  the  cells  are  readily 
teased  apart.  The  filirosarcomas  originate  in  much  the  same 
locations  as  the  fibromas,  but  are  never  multiple  except  by  metas- 
tasis. 

Keloid. — Keloid  is  a term  applied  to  certain  tumor-like  struc- 
tures composed  of  dense  filirous  tissue  which  occur  in  the  skin  in 
certain  peculiarly  constituted  peo]ile.  Keloids  usually  follow 
an  injury  (cut,  blow,  burn),  Imt  occasionally  they  appear  to  arise 
spontaneously.  The  fibroblasts  of  which  they  are  composed  are 
distributed  in  thin  sheets  betwec'ii  thick  layers  of  collagen  fibrils 
which  are  more  or  less  fused  together  and  usually  apjiear  Innline. 
The  cells  and  fibrils  run  in  various  directions.  The  tissue  resembles 
scar  tissue. 

W'hen  a keloid  is  removed,  a similar  growth  arises  fo  take  its 
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Iig.  193.  Keloid.  The  collagen  fibrils  form  thick 
cells  in  thin  sheets  between  them. 


hyaline  layers,  with  the 


I'ig.  19-4.  Keloid  of  face  following  a burn 
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]ihu*o  and  is  often  incorrectly  regarded  as  a recurrence.  If  the 
second  mass  is  removed  a third  will  take  its  place,  because  the 
injury  is  the  same  each  time.  In  other  words  a keloid  is  the  result 
of  over-activity  on  the  part  of  the  regenerative  powers  of  the  fibro- 
blasts and  re]iresents  a hypertrophied  scar. 

A keloid  in  the  active  stage  of  formation  closely  resembles 
histologically  a filirosarcoma,  because  the  fibroblasts  play  a much 
more  active  part  than  the  vascular  endothelium  and  there  is  little 
or  no  leukocytic  or  lymphocytic  infiltration. 


2.  MYXOBLASTOMA  (MYXOMA,  MYXOSARCOMA) 

Definition.— A tumor  of  mesenchymal  origin  of  which  the  cells 
tend  to  produce  mucin  in  atldition  to  fibroglia,  collagen,  and  elastic 
fibrils. 


Y\„  19.-).— Umbilical  c.onl  at  term.  Mucous  connective-tissue  cells  with 

fibroglia  and  collagen  fibrils. 


Introduction.— The  myxoblastoma  is  a comparatively  rare 
tumor  and,  therefore,  clinically  of  minor  importance.  It  is  chai- 
acterized  by  its  translucency  and  in  well-marked  examples  by 
its  sliminess.  It  is  questionalile  whether  it  deserves  recognition 
as  an  entity.  It  often  differs  so  little  from  the  fibroblast oma  that 
it  could  well  be  included  under  that  tumor.  IMoreover,  all  the 
tumor  cells  do  not  secrete  mucin;  many  produce  only  the  fibrils 
and  hence  cannot  be  distinguished  from  the  ordinary  fibroblast. 
On  the  other  hand,  the  cells  which  do  secrete  mucin  show  how  all 
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the  cells  tend  to  differentiate  and  may  be  said  to  characterize  this 
tuinoi,  just  as  the  j)roduction  of  cliondromucin  distineuislies  the 
chondroblastoma. 


T}^e  Cells.  The  type  cell  is  the  mucous  connective-tissue  cell 
as  found  m the  early  embryo,  but  restricted  at  the  time  of  birth 
almost  exclusively  to  the  umbilical  cord.  It  is  a fibroblast  which 
secretes,  in  addition  to  the  three  kinds  of  fibrils,  a homogeneous 
semifluid  intercellular  substance  called  mucin.  The  mucin  occurs 
between  the  collagen  fibrils.  Sometimes  it  is  much  more  abundant 


Fig.  19().  Myxoma.  The  cells  and  their  fil)rils  are  separated  by  fluid  con 

taining  mucin. 


n some  situations  than  in  others,  filling  small  cavities  between 
strands  of  fibrils. 

of  of  Growth.  The  myxoblastomas  grow  at  various  rates 
spet  ( . The  term  myxoma  is  applied  to  one  tvhich  grotvs  slowly, 
oyxosarcoma  to  one  which  grows  rapidly.  The  absence  or 
presence  of  mitotic  figures  determines  the  heading  under  which  a 
S^'en  tumor  should  be  grouped. 

to  Appearance.— The  cells  of  a myxoblastoma  tend 

1 1 erentiate  into  mucous  connective-tissue  cells.  Owing  to  the 
19 
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presence  of  the  iiiiicinous  fluid  the  filirils  are  more  or  less  widely- 
separated  from  each  other  and  the  cells  often  present  a stellate 
appearance  with  long  branching  cytoplasmic  iirocesses,  because 
they  are  not  packed  tightly  together  as  in  a fibroiilastoma.  Rarely 
some  of  the  cells  contain  multiple  nuclei;  they  are  true  tumor 
giant-cells  derived  from  multiple  mitoses.  In  a myxosarcoma 
many  of  the  cells  are  likely  to  be  of  the  s])indle  type. 

iNIyxoblastomas  have  a slight  stroma  containing  fairly  numer- 
ous blood-vessels  and  a small  amount  of  connective  tissue. 

Gross  Characteristics. — Myxoblastomas  may  attain  a con- 
sitlerable  size,  one  or  more  kilos.  They  usually  form  lolndated  or 
polypoid  masses  which  may  or  may  not  be  sharply  limited  and 
encapsulatetl.  On  section  they  often  appear  translucent,  gela- 


Fig.  197. — Mj^xoma.  The  cells  and  their  pro(;esses  are  separated  by  fluid 

eontaining  mucin.  M 


tinous,  and  colorless,  but  are  sometimes  grayish,  yellowish  or 
whitish,  at  least  in  ]>art,  and  if  the  vessels  in  the  stroma  are  numer- 
ous and  injected  they  may  be  colored  light  to  dark  red.  Natur- 
ally, they  are  not  rigid  and  dense  to  the  touch,  but  the  myxomas 
are  tough  like  the  umbilical  cord  owing  to  the  ]tresence  of  numer- 
ous collagen  fibrils.  The  myxosarcomas  are  delicate  and  easily 
t(‘ased  apart.  Both  forms  of  growth  on  section  often  feel  slimy 
to  the  fingers,  owing  to  the  presence  of  much  mucin. 

Myxoblastomas  occur  most  often  in  the  soft  parts  of  the  ex- 
tremities, especially  in  the  fat-tissue;  along  the  (*ourse  of  nerve 
l)undles;  in  the  neighborhood  of  joints;  retro]KTitoneally ; in  the 
umbilicus;  in  the  jieriosteum;  and  rarely  in  the  endocardium  of 
the  heart. 
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The  myxoblastoma  may  be  closely  simulated  by  an  e.lematous 
fibio  Jastoiiia  T he  iiresence  oi-  absence  of  mucin  on  test  is  the 
decdmg  pent.  .Myxo.natous  tissue  is  often  present  in  4me  of 
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3.  CHONDROBLASTOMA  (CHONDROMA.  CHONDROSARCOMA) 

cell,  temi twim-^  tumor  of  mesencl,ymal  origin  of  wind,  the 
eus  temi  to  differentiate  into  carfiiage  cells 

arises^rom  ‘'“'*““Se  cell  which  ordinarily 

bllds  tr  I P™chondriiini.  This  structure  consists  of  fibro- 

a<l(iitionfhev'’™  i'r*“'’™*^‘‘‘‘’  ‘“Wl  clastic  fibrils.  In 

substance  known  'a’  ' h"  ''T'  ‘'“’“Kcneoiis  intercellular 

the  fibrils  m less  IL  "hich  more  or  Ie.ss  obscures 

methods  In  tr,  lendered  prominent  by  special  staining 

alterrit,  Shane  h fi'™blas? 

apparenflv  In^  ’ cphcrical  or  more  or  less  fiaftened,  and 

in  fi'-il-  The  cartilage  cells,  at  least 

each  other  Tl  letaiii  cytoiilasmic  connection  with 

le  nomogeneous  substance  is  sometimes  de])osited 
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in  lighter  and  denser  layers  around  individual  cells  and  small 
groups  of  them  so  as  to  appear  in  the  form  of  hyaline  capsules. 

\\  hen  the  homogeneous  intercellular  substance  is  aoundant, 
the  hyaline  type  of  cartilage  is  formed.  When  it  is  slighter  m 
amount  and  the  collagen  or  elastic  fibrils  predominate,  fibrous 
(white)  or  elastic  (yellow)  cartilage  results.  So  far  as  known 
cartilage  cells  are  an  end  product;  they  do  not  give  rise  to  othei 
cartilao-e  cells,  but  all  arise  from  the  less  tlifferentiated  fibroblast 
of  the'^perichondrium,  or  from  other  fibroblasts  such  as  those 

composing  the  periosteum,  for  example. 

Rate  of  Growth. — Tumors  composed  of  cartilage  cells  grow  at 
all  rates  of  speed.  The  term  chondroma  is  applied  to  those  which 


Fig  199 -Normal  cartilage  in  a fetus.  The  fibroblasts  of  the  i^eriehon.lrium 
are  undergoing  a gradual  transformation  into  cartilage  cells.  M. 


grow  slowly,  chondrosarcoma  to  those  which  grow  rapidly.  There 
is  no  sharp  dividing  line  between  the  two,  but  the  absence  or 
presence  of  mitotic  figures  may  be  used  as  the  surest  guide. 

Histologic  Appearance.— The  cells  of  a chondroblastoma  tend 
to  differentiate  into  cartilage  cells  and  in  a given  tumor  may  form 
any  one  of  the  three  varieties — hyaline,  fibrous  or  elastic.  Com- 
binations of  all  these  types  may  occur.  The  tumor  cells  vary 
considi'rably  in  size  and  shajie  in  different  instances  In  soine 
tumors  they  are  large  and  ])olynior])hous;  in  others  they  ma>  )e 

small  and  spindle-shaped. 

The  stroma  of  a chondroblastoma  consists  of  blood-vesse 
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accompanied  by  eonnectire  tissue  usually  iu  small  amount  Tl.o 
actively  piolileratiug  tumor  cells  adjoin  the  stroma  and  in  a chon- 


Fig.  2()(). — Chondroma. 


As  tho  perichondrium  from  which  growtii  takes  place, 

umor  masses  enlarge  peripheral!}^  the  stroma  is  stretched 
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Fig.  202. — Chondroma.  An  area  wlierc  the  intorcellular  substanoe  is 
soft  and  the  cells  have  cytoplasmic  processes,  like  mucous  connective-tissue 
cells. 


h'ig.  20d. — Chondrosarcoma. 


tumors 
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and  its  incslies  surroiimlina-  the  tumor  ^ i 

in  between  the  tumor  cell  ma^sses  heeome  n.ore  an<l  nmre  ,tae  “'("’f 

A>  a u»ult  ol  tins  maimei-  of  growth  the  tumor  cells  farthest 

ren.oved  ro.n  the  stroma  get  less  and  less  nutrition  by  ind  ihttn 
and  aie  likely  to  iindere’o  retivuyfxlo  . ntion, 

■softening,  calcification,  ohmcrolll® 

In  chondrosarcomas  the  blood-vessels  are  i 

numerous  and  little  or  no  connective  tissue  is  jwesenf  TheTu,”' 

:::!4c;\“i;rth‘:'^situaii:::  ‘“hnX" 

cells  undergo  differentiation  and  fonn  eirtffage  0011“' 
iarg?Te,  attain  a 

iobulated  or  nodular,  and  o\  sfctirof  a tnslT  em  rieTl"!: 
oreOpalescent  white  color.  As  a rule  they  a^trd’L^rt^rto 

C hondromas  grow  expansively,  are  limitod  I-ia^  o den  •+  i 
a.Kl  are  in  general  benig.:,  but  occ;:ionallyXy 
and  veins  and  extend  along  them  Thev  . ‘jyphatics 

tases  but  this  occurrence  is  much\norc  like  ;\o  ha, 

ctZbrad  " tlic\issues'm.oun  em 

Seletom  " connection  nitl 

genitah“““*“^™"““''  sometimes  multiple  and  occasionally  con- 

4.  OSTEOBLASTOMA  (OSTEOMA,  OSTEOSARCOMA) 

cells  fi!!::;t"dm4ent,"^^^  *'"■ 

cell.  osteoblastoma  is  the  bone 

eithL''dhct"°v''<w\ln“''^*‘“"®  from  fibrobla.sfa 

osteoblast  The  fibrnl''l®  ‘t  "l‘fmediate  form  of  it  called  (ho 
as  periosteal  a.  d e^^,  I ^ n '>0'“  cells  are  known 

amf  ela^ti?  fil"  s n rv  “““S'-" 

(iense  hmim  ' addition  they  are  capable  of  secreting  a 
'vliieh  lihRls^Jirfii  substance  called  osseomufin, 

invisible  and  attmr.f^-^  r rendering-  them  more  or  less 

deposited  the  fi)  ^ ^^^nle  this  substance  is  being 

finally  1 ; t?  The  cell 

'fin  homog!mem^s  surrounded  by 

IVoin  the  cell  par  7 which  the  lime-salts  are  deposited. 

} ojdasmic  processes  and  j^erhaps  fibroglia  fibrils 
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extend  in  all  directions  through  canaliculi  to  connect  with  other 
cells.  Bone  cells  are  formed  in  this  way  in  the  skull,  etc.  In  other 
places  the  fibroblasts  change  first  into  polymorphous  osteoblasts, 
often  with  numerous  fine  granules  in  their  cytoplasm. 

So  far  as  is  now  known  bone  does  not  arise  from  cartilage  l)ut 
may  substitute  itself  for  it.  On  the  other  hand,  cartilage  often 
becomes  calcified  but  the  cartilage  cells  do  not  change  into  true 
bone  cells. 

Bone  cells  always  arise  from  fibroblasts  and  osteoblasts. 
They  are  an  end  product.  They  do  not  rejuvenate  and  by  mitosis 
give  rise  to  other  bone  cells. 


Fie  204  — O.steosarcoma  arising  from  periosteum  of  femur.  1 he  tumor 
consists ’largely  of  rapidly  proliferating  fil)roblasts  which  m places  differentiate 
into  bone-cells  arranged  in  trabeculai.  M. 


When  a bone  cell  undergoes  necrosis,  the  intercellular  sub- 
stance and  especially  the  lime-salts  under  its  control  are  removed 
by  the  action  of  foreign  body  giant-cells  formed  from  fused  endo- 
thelial leukocytes  attracted  to  the  site.  The  giant-cells  are  known 
as  osteoclasts. 

Rate  of  Growth.— Bone  tumors  grow  at  all  rates  of  sjx-ed. 
Some  require  many  years  to  reach  a size  attained  by  others  in 
weeks  or  months.  Those  which  grow  slowly  are  classed  under  os- 
teoma; those  which  increase  in  size  rapidly  are  grouped  under 
osteosarcoma;  there  is  no  shar])  dividing  line;  many  are  on  the 
border  line.  It  is  sometimes  difficult  to  decide  in  which  group  to 
place  a given  tumor. 
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The  rapidly-growing  tuinor.s  are  the  more  interesting  to  study 
because  all  stages  in  the  development  of  bone  cells  are  jiresent. 

Histologic  Appearance. — Bone  cells  in  osteoblastomas  arise 
in  the  same  manner  as  in  normal  bones  from  fibroblasts  and 
osteoblasts.  In  the  rapidly-growing  tumors  of  this  type  all  stages 
in  the  transformation  of  fibroblasts  into  bone  cells  can  be  readily 
followed.  Some  of  the  tumors  grow  as  fibrosarcomas,  but  here 
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Fig.  205. — (Xsteosurcoiiui.  Four  \'ie\vs  from  .same  tumor  showing  different 
rates  of  growth  and  differentiation. 


and  there  groups  of  the  cells  cease  to  proliferate,  secrete  osseoniucin 
between  the  fibrils  and  attract  lime-salts;  in  other  words,  they 
differentiate  into  bone  cells.  Other  cells  adjacent  to  these  groups 
of  cells  join  them  so  that  the  differentiating  foci  spread  and  coalesce, 
thus  forming  the  bony  trabeculae  of  the  tumors. 

In  other  osteoblastomas  the  rapidlj^-growing  cells  may  be 
spindle-shaped  or  round,  but,  instead  of  forming  fibrils,  at  least 
to  any  extent,  they  deposit  directly  large  amounts  of  homogeneous 
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iiitercolliilar  substance  in  the  form  of  anastomosing  trabeculae.  In 
consetiuence  of  the  prominence  of  this  deposit  of  osteoid  material 
these  tumors  have  receivetl  the  distinctive  name  of  osteoid  sar- 
comas. Occasionally  osteoblastomas  occur  in  which  both  the 
fibrous  and  osteoid  types  of  growth  are  present  and  they  may 
be  very  intimately  combined,  showing  that  there  is  no  essential 
difference  in  the  cells.  Possibly  the  cells  in  the  osteoid  tumors 
correspond  to  the  cell  intermediate  lietween  the  fibroblast  and  the 
bone  cell  in  certain  situations,  namely,  to  the  so-called  osteoblast. 

When  an  osteoblastoma  gets  to  growing  rapidly  the  cells  in 
some  ])arts  of  it  may  not  differentiate  in  the  slightest.  Under 
these  conditions  they  may  ajipear.  spindle-shaped  or  spherical. 
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Fie.  20(). — Osteosarcoma.  The  cells  adjoining  die  blood-vessels  are  the  least 

differentiated.  M. 


Their  true  nature  can  be  recognized  only  l)y  the  differentiation  of 
the  cells  in  other  parts  of  the  tumor  when  they  are  proliferating 
less  rapidly. 

In  osteomas  the  cell  changes  may  be  so  slow  that  they  cannot 
be  directly  follow'ed. 

In  all  osteoblastomas,  just  as  in  normal  bone,  there  is  a con- 
tinual removal  of  the  older  tissue  going  on.  Whether  it  is  due  to 
atrophy  and  disappearance  or  to  necrosis  of  the  bone  cells  cannot 
be  cletermined,  but  the  intercellular  substance,  be  it  calcified  or 
not,  is  immediately  attacked  by  foreign  body  giant-cells  (osteo- 
clasts) formed  by  the  fusion  of  endothelial  leukocytes  attracted 
to  the  spot.  They  gradually  erode,  digest  and  remove  all  inter- 
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Hg.  207.  Osteoid  sarcoma.  The  intercellular  substance  appears  as  hyaline 

trabeculae.  M. 


Fig.  208.— Osteoid 


sarcoma.  ( )ne  cell  in  mitosis. 
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cellular  substance  not  under  the  immediate  care  of  living  bone 
cells.  Sometimes  the  retrograde  jirocesses  are  very  active,  so 
that  the  number  of  foreign  body  giant-cells  is  in  excess  of  the 
tumor  cells.  The  term  giant-cell  sarcoma  is  often  incorrectly  ap- 
plied to  such  a new-growth. 

Gross  Characteristics. — Osteoblastomas  may  attain  a very 
large  size.  This  statement  was  particularly  true  in  the  old  days 
when  tumors  were  allowed  to  attain  their  natural  development 
without  operative  interference.  They  form  spherical  or  tuberous 
tumors,  often  of  great  hardness.  The  osteomas  are  sometimes 
divided  on  the  basis  of  hardness  into  osteoma  durum  (compact, 
ivory-like)  and  osteoma  spongiosum  (porous,  sponge-like).  The 
osteomas  appear  white  to  yellowish  like  bone,  but  the  osteo- 
sarcomas are  often  grayish  to  white,  and  sometimes  reddish  brown 


Fig.  209. — Osteoid  sarcoma.  From  an  area  where  no  differentiation  has  taken 
" place. 

as  the  result  of  hemorrhage.  Occasionally,  they  are  hollow  and 
cystic  as  the  result  of  necrosis,  softening  and  absorption.  hen 
they  start  in  the  periosteum  the  new  trabeculse  of  bone  extend 
out  for  the  most  part  at  right  angles  to  the  shaft. 

True  osteomas  are  rare,  esiiecially  out  of  connection  with  the 
skeleton,  but  they  have  been  found,  for  example,  in  the  lung, 
brain  and  elsewhere.  They  grow  slowly  and  expansively.  Som(‘- 
times  it  is  difficult  to  distinguish  between  them  and  tumor-like 

growths  of  inflammatory  origin. 

The  osteosarcoma  is  a more  common  and  important  tumor  than 
the  osteoma.  It  invades  and  destroys  iiones,  es])ecially  when  it 
arises  within  on(3  and  often  extends  to  muscle  and  other  neigh- 
boring tissues.  jMetastases  occur  most  often  by  way  of  the  blood 

stream. 
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5.  LIPOBLASTOMA  (LIPOMA) 

Definition. — A tumor  of  mesench3unal  origin  of  whidi  the 
cells  tend  to  differentiate  into  fat-cells. 

Type  Cell. — The  type  cell  is  the  fat-cell  found  in  various  })laces 
throughout  the  body.  In  the  embr^m  the  fat-cells  are  early 
differentiated  as  a definite  cell  entity  from  the  other  mesenchymal 
cells.  They  appear  in  small  clumps  in  the  subcutaneous  tissue 
and  elsewhere,  and  have  a stroma  consisting  of  numerous  ca])il- 
laries  and  a slight  amount  of  connective  tissue.  The  fat-cell  is 
not  a fibroblast,  is  not  derived  from  one,  and  in  emaciation  does 
not  return  into  one. 


Fig.  210. — Lipoma. 


A fat-cell  at  first  resembles  to  some  extent  a small  liver  cell. 
The  nucleus  is  centralh^  located;  the  endoplasm  is  abundant, 
finely  granular,  and  sharply  limited  although  it  does  not  seem  to 
possess  a cuticle.  In  emaciated  infants,  especially  soon  after 
birth,  the  fat-cells  often  increase  considerably  in  size,  although 
containing  no  fat,  and  may  so  resemble  large  epithelial  cells  as  to 
be  mistaken  for  some  form  of  tumor. 

At  a later  stage  in  the  develoi:>ment  of  fat-cells  minute  drojffets 
of  fat  appear  more  or  less  evenly  distributed  in  the  cytoplasm. 
By  coalescence  larger  drops  are  formed,  but  the  nucleus  remains 
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Fig.  211. — Lipoma.  Detail  showing  character  of  nuclei. 


Fig.  212. Lipoblastoma  in  which  most  of  the  fat-cells  are  of  the  embryonic 

type.  M. 
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in  tho  center  of  tlie  cell.  P^at-eell.s  of  this  type  are  not  infreciuently 
found  in  tlic  adult,  es])ecially  retroperitoneallju  They  are  coimiion 
in  many  of  the  lower  animals,  such  as  monkeys,  mice,  etc. 

The  adult  type  of  fat-cell  ordinarily  contains  one  large  globule 
of  fat  around  which  its  cytoidasni  is  distended  into  a thin  envel- 
ope. The  nucleus  is  flattened  and  pushed  to  the  ix'riidiery  of  the 
cell.  Within  the  nucleus  is  often  a small  opening  (vacuole). 

Rate  of  Growth. — The  lipoblastoma  is  a tumor  of  comparatively 
slow  growth  and  is  ordinarily  called  a lipoma.  If  rapidh^-growing 
forms  occur  their  true  nature  has  not  been  recognized. 

Histologic  Appearance.  1 he  cells  of  a lipoblastoma  tend  to 
differentiate  into  fat-cells  usually  of  the  adult  tyj^e,  but  occasionally 
of  the  embryonic  tyi:)e.  They  are  held  together  by  a small  amount 
of  connective  tissue  and  are 
provided  with  blood-vessels, 
mostly  of  the  capillary  form. 

The  fat-cells  of  a lipoblas- 
toma are  usually  thought  to 
be  a little  larger  than  the 
normal  size,  but  in  a lipoma 
from  an  infant  they  were  un- 
questionably smaller.  A rajx 
idly-growing  lipoma  from  the 
back  of  a nurse  was  composed 
almost  entirely  of  fat-cells  of 
the  embryonic  type  and  they 
were  considerably  above  the 
normal  size.  The  cytoplasm 
of  the  cells  was  decidedly  granular  and  some  of  them  contained 
no  tat.  At  the  periphery  of  the  tumor  the  cells  were  invading 
the  surrounding  fat  and  muscle-tissue.  The  growth  must  therefore 
legal  dec!  as  possessing  some  of  the  ]:>roperties  of  malignanc.y 
Gross  Characteristics.— Lipomas  usually  grow  slowly  and 
expansu  e . they  are  lobed  or  lobulated  and  are  surroumhal 
by  a connective-tissue  capsule  in  consequence  of  which  thev  can 
usua  ly  be  easily  shelled  out  of  the  tissue  in  which  they^have 
f e\  c opec  . They  may  reach  a large  size  and  from  size  or  pressure 
prove  dangerous  elinieally.  In  other  respects  they  rank  among 
th  most  benign  of  tumors.  Occasionally,  they  undergo  retro- 

II  ucKhr''’'?’  cyst  formation,  or  calcification. 

narel\  they  become  ossified. 

larlvtd'Ti  subcutaneously,  intramuscu- 

o t iu  tl>o  kidney, 

, tuns,  and  skull  cavity.  Sometimes  they  are  multiple 
and  symmetrically  distributed.  On  section  they*  resemble  ordi- 


Fig.  213.- 


-Lilioma  of 
typo. 


fetal  fat-cell 
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V\^  914  -Loioinyoma.  Smooth  muscle-cells  ^vuth  their  myoplia  fibrUs  appear 
^ black.  Fibroblasts  with  their  collagen  hbrils  appear  light.  IV  . 
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nary  fat-tissue.  Tlie  ra]:>i(Uy-gro\ving  one  from  a nurse’s  l)aek  was 
reddish  yellow  in  color  and  very  vascular. 

The  consistence  of  a lii)onia  depends  largely  on  the  amount 
of  connective  tissue  present. 

6.  LEIOMYOBLASTOMA  (LEIOMYOMA) 

Definition.— A tumor  of  mesenchymal  origin  of  which  the  cells 
tend  to  differentiate  into  smooth  muscle-cells. 

Type  Cell. — The  type  cell  is  the  smooth  muscle-cell  of  mesen- 
chymal origin  which  occurs  in  the  uterus,  gastro-intestinal  tract, 
blood-vessels,  and  elsewhere. 


Fig.  216. — Loiomj’oma.  Mj-oglia  fibrils  relatively  coarse. 


The  type  cell  is  long  and  spindle-shap('d  with  a rod-shaped 
nucleus  and  dense  acidoi:)hihc  cytoplasm.  The  cell  is  character- 
ized by  having  in  the  cuticle  of  the  cyto])lasm  longitudinal  stria- 
tions,  known  as  myoglia  fibrils  which  can  be  stained  differentially 
and  vliich  have  much  to  do  with  the  deep  acidophilic  staining  of 
the  smooth  muscle-cell  cytoplasm.  These  fibrils  are  fine  and 
sepaiate  exccjit  at  the  ends  of  the  cells  where  they  fuse  more  or 
less  together  to  form  coarse  fibrils  which  terminate  the  cell.  Owing 
to  this  condition  smooth  muscle-cells  show  when  ]:>roperly  stained 

both  fine  and  coarse  fibrils  and  in  this  respect  differ  from  a fibro- 
blast. 

Smooth  muscle-cells  vary  considerably  in  size  and  in  the 
development  of  fibrils  in  different  parts  of  the  body.  The  cells 
20 
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Fitr  218 — Loiomyosarcoma.  Myoslia  fibrils  well  dcvelopod.  One  mitotic 
^ ^ figure  present. 
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are  largest  in  the  vas  deferens,  the  prostate,  and  the  i^regnant 
iitt'rus. 

Smooth  muscle-cells  are  always  surrounded  hy  numerous 
collagen  fibrils  which  bind  them  together  and  which  appear  to  be 
largely  responsible  for  the  density  and  toughness  of  smooth 
muscle  tissue.  The  collagen  fibrils  are  not  produced  by  the 
muscle-cells  but  by  fibroblasts  which  occur  in  moderate  numbers 
between  them. 


Fig.  219.— Loioinyosarcoma.  Three  mitotic  figures  present.  M. 


of  .»P«I  "fi  grow  at  various  rates 

l)0(d,  altlioilgli  generally  regarded  as  of  slow  growtll  Thev 

are  commonly  eailed  leiomyomas,  or  fibroids  by  the  olinicinn  and 

have  received  no  special  designation  when  growing  rapiiHv  except 

'e  Ir  b;ftT‘  l-.4msarcoma 

coma  Z ’d  ie  is  that  the  use  of  the  word  sar- 

\\dt,r  i P f'”"'  ^n^rtive-tissue  tumors. 

tumor  is  to  he  *’"77  Present  m a leiomyoldastoma  the 

rilZo  ine  at!  ***7  if  7 and  of  giving 

0 metatases  and,  therefore,  as  clinically  malignant. 
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Histologic  Appearance— The  cells  of  a leiomyoblastoma  tend 
to  differentiate  into  smooth  muscle-cells.  In  the  slowly  growing 


Fin  ‘^20. — Leiomyosarcoma.  One  cell  m mitosis. 

of  tumor.  M.  andW  . 


From  spindle-cell  portion 


tumors  this  readily  takes  place,  but  in  those  which  proliferate 
rapidly  the  hbrils  may  be  formed  only  to  a slight  extent  or  no  a 
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all  and  the  cells,  instead  of  i)i’eserving  a spindle  shai)e,  may  become 
spherical  and  sometimes  mnltinucleatetl. 

The  stroma  of  a leiomyoblastoma  consists  of  blood-vessels  and 
of  connective  tissue.  The  tumor  cells  seem  able  to  make  large 
demaiuls  on  the  fibroblasts  since  these  deposit  numerous  collagen 
fibrils  ai-ound  every  muscle-cell.  In  time  many  of  the  smooth 
muscle-cells  disappear  owing  to  interference  with  nutrition  while 
the  hardier  fibroblasts  persist.  As  a result  a leiomyoblastoma 
may  come  in  time  to  contain  more  fibroblasts  than  smooth  muscle- 
cells.  It  has  reached  the  condition  of  many  a scirrhous  cancer. 

Gross  Characteristics. — Leiomyoblastomas  usually  form  spher- 
ical or  lobulated  tumors,  occasionally  of  large  size,  and  of  a 
reddish  gray  to  white  color,  and  of  fairly  dense  consistence;  the 
greater  the  amount  of  stroma  present,  the  whiter  the  color  and  the 
denser  the  consistence.  Beginning  necrosis  of  a leiom3mblastoma 
in  consequence  of  obstruction  of  blood-vessels  often  results  in  a 
light  to  dark  reddish  coloration.  The  cut  surface  of  a leiornjm- 
blastoma  offers  a play  of  shades^owing  to  the  various  angles  at 
which  the  intertwining  strands  of  cells  are  cut. 

Leiomyoblastomas  are  of  common  occurrence,  and  are  fre- 
quently multiple,  most  often  in  the  uterus,  occasionally  in  the  skin 
and  elsewhere.  They  are  usually  shandy  defined  and  definitely 
encapsulated  so  that  it  is  easy  to  shell  them  out,  but  occasionally 
they  infiltrate  the  surrounding  tissue.  This  is  especially  true  of 
the  more  rapidly  growing  forms  which  often  give  rise  to  metastases. 
These  malignant  leiomyoblastomas  originate  most  often  in  the 
uterus,  but  have  been  found  also  in  the  subcutaneous  tissue,  the 
kidney,  and  in  other  locations.  OAving  to  the  elongated  spindle 
shape  of  their  cells  they  may  easily  be  mistaken  for  fibrosarcomas. 

7.  ENDOTHELIOBLASTOMA 

(Angioma,  hemangioma,  hemangio-endothelioma,  endothelioma,  lymphan- 
gioma, lymphangio-endothelioma,  daral  endothelioma) 

Definition. — A tumor  of  mesenchymal  origin  of  which  the 
cells  tend  to  differentiate  into  flat  endothelial  cells  and  to  line 
vessels,  cavities  and  surfaces. 

Type  Cells. — Three  different  t}"pe  cells  are  recognized  under 
this  tumor  heading. 

1.  Endothelial  cells  lining  blood-vessels. 

2.  Enflothelial  cells  lining  l\"mph-vessels. 

3.  Endothelial  cells  lining  the  arachnoid  or  subdural  space. 

The  endothelial  cells  lining  the  heart  and  the  blood-  and  l,ymph- 

yessels  have  a common  origin  and  may  be  considered  identical 
in  all  respects.  The  cells  lining  the  subdural  space  are  derived 
from  the  mesenchyma  at  a considerably  later  period  of  embryonic 
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life.  They  differ  in  some  res])ects  from  the  otlier  endothelial 
cells  and  are  visually  referred  to  as  dural  endothelium,  Init  it  is 
convenient  to  treat  them  alon^-  with  the  other  types  of  endothelio- 
mas because  they  have  certain  features  in  common. 

The  endothelial  cell  is  not  morphologically  a highly  differ- 
entiated cell.  On  this  very  account,  however,  it  stands  out  in 
marked  contrast  with  those  cells  which  are  thus  characterized  when 
all  are  properl}^  fixed  and  stained.  It  is  a large  flat  cell  with  a flat 
oval  nucleus  surrounded  by  a moderate  amount  of  delicate  cyto- 
plasm. It  gives  rise  to  no  intercellular  substance  and  its  free 
border  develops  no  cuticular  surface.  Its  function  is  to  cover 
surfaces.  Under  normal  conditions  the  endothelial  cells  lining 
blood-  and  lymph-vessels  possess  marked  phagocytic  properties 
and  they  may  desquamate  and  give  rise  to  endothelial  leukocytes, 
but  these  characteristics  play  no  part  in  tumors  originating  from 
them. 

The  three  different  types  of  endothelioVilastoma  will  be  taken 
up  separately. 


HEMANGIO-ENDOTHELIOBLASTOMA 

Histologic  structure. — The  endothelial  cells  of  a hemangio- 
endothelioma tend  to  form  blood-vessels  as  they  do  under  normal 
conditions.  These  vessels  are  backed  ordinarily  by  a slight 
amount  of  connective  tissue  which  forms  a stroma  and  binds  them 
together.  Sometimes  this  stroma  is  quite  abundant  so  that  the 
tumor  appears  more  or  less  scirrhous  in  type.  The  vessels  of  the 
tumor  carry  lilood  unless  something  arises  to  jvrevent. 

The  vessels  of  the  tumors  may  be  capillary  in  type  or  cavern- 
ous, or  of  any  gradation  between  these  two  extremes. 

The  capillary  hemangio-endothelioVilastoma  is  relatively  com- 
mon, often  congenital,  and  fn'quently  grows  with  consideralvle 
rapidity.  jNIitotic  figures  may  be  numerous  in  it.  It  is  always 
infiltrative  in  growtli.  In  the  skin  it  surrounds  the  coil  glands 
and  ducts  and  invades  especially  lobules  of  fat-tissue,  nerves  and 
muscle  tissue.  In  one  instance  one  of  these  tumors  was  confined 
to  a nerve  of  the  wrist;  the  infiltrated  and  enlargv'd  nerve  was 
excised  on  the  supposition  that  it  was  a tuberculous  tendon. 

Certain  peculiarities  of  growth  occasionally  occur  in  angiomas 
which  it  is  important  to  understand: 

(a)  In  the  larger  vessels  the  endothelial  cells  sometimes  thicken 
up  into  two  or  more  layers.  In  angiomas  with  vessel  luniina  of 
larger  size  this  piling  up  of  the  cells  in  several  layers  is  occasion- 
ally quite  a prominent  feature.  It  may  affect  all  the  vessels  and 
cause  a distinct  perithelial  type  of  growth.  Mitosis  may  take 
place  in  the  cells  in  any  of  the  layers.  In  time  some  of  the  fibro- 
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Fig.  222. — Capillary  hemangioma  of  skin.  M. 


Fig.  223. — Capillary  hemangioma  invading  fat-tissue. 


M. 


312 


PATHOLOGIC  HISTOLOGY 


blasts  around  the  vessels  in  and  deposit  collagen  fibrils 

between  the  endothelial  cells. 

(6)  Rarely,  the  endothelial  cells  grow  out  into  the  hnnina  of 
the  vessels  in  the  form  of  pajiillary  ]:>rojections  in  which  the  endo- 
thelial cells  sometimes  accumulate  in  concentrically  arranged 
masses  or  whorls.  One  tumor  of  this  tyjie  started  from  avascular 
nevus  of  the  eyelid,  invaded  the  orbit  and  destroyed  the  eyeball. 
Another,  reported  by  Borrmann,  recurred  repeatedly  at  its  site 
of  origin  beneath  the  breast  after  excision,  and  finally  gave  rise 


Fig.  224. — Capillary  hemangioma  invading  fat-tissue  around  a coil  gland.  M. 

to  multiple  metastases  in  the  lungs.  In  a third  tumor,  showing 
marked  perithelial  type  of  growth  and  forming  painful  nodules 
around  the  ankle,  both  arteries  and  especially  veins  had  been 
invaded;  the  latter  were  much  distended  in  consequence  of  the 
growth  and  extension  of  the  tumor  within  them. 

(c)  If  the  capillary  vessels  are  occluded  or  injured  in  any  way 
so  that  blood  c(;ases  to  circulate  in  them  the  endothelial  cells 
continue  to  proliferate,  but  as  they  are  no  longer  connected  with 
the  blood  stream  they  do  not  form  vessels.  Instead,  the  cells 
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collect  in  rows,  groups,  and  esi)eciall\'  in  concentric  masses  or 
whorls.  These  collections  of  cells  are  gradually  invaded  by  fibro- 
blasts which  deposit  collagen  fibrils  between  the  endothelial  cells. 
They  do  this  probably  in  res])onse  to  some  influence  emanating 
from  the  tumor  cells,  in  the  same  way  that  a stroma  of  blood- 
vessels and  connective  tissue  is  furnished  to  other  kinds  of  tumors. 
An  angioma  which  has  undergone  the  changes  described  here  may 
closely  resemble  a fibrosarcoma,  but  the  endothelial  cells  possess 
no  fibroglia  fibrils.  The  true  nature  of  the  growth  is  sometimes 


Fig.  22.5. — Capillary  hemangioma  invading  a nerve.  M.  and  W. 


to  be  recognized  only  by  finding  areas  at  the  peri])hery  or  in  the 
surrounding  fat-tissue  where  the  tumor  vessels  are  intact. 

(d)  Much  fil)rous  tissue  sometimes  develops  in  angiomas  so 
that  they  may  present  a scirrhous  type  of  growth.  Whether  this 
results  from  gradual  atrophy  and  disappearance  of  many  of  the 
tumor  vessels  or  whether  it  is  a consequence  of  .some  of  the 
changes  already  described  cannot  be  made  out  with  certainty. 

(e)  Rarely,  after  the  vessels  have  become  occluded  the  endo- 
thelial cells  accumulate  fat,  and  sometimes  also  blood  pigment 
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from  the  red  blood-corpuseles  left  within  the  lumina,  and  present 
in  gross  a yellowish  appearance,  in  conse(iuence  of  which  they 
have  sometimes  been  called  xanthomas. 

(/)  Very  rarely,  when  the  endothelial  cells  of  the  vessels 
thicken  up  to  several  layers,  those  on  the  outside  continue  to 
proliferate  and  invade  the  surrounding  tissues  to  a slight  extent. 
{Small  tumors  of  this  type  occur  most  often  in  the  bend  of  the 
elbow. 

The  cavernous  type  of  hemangio-endothelioma  is  rare.  It 
is  doubtful  if  the  so-called  cavernomas  of  the  liver  are  to  be  re- 


Fie.  220. — Capillary  homanfi;ionia  invading  a norye.  All  the  darker  portions 

are  tumor.  M.  and  \\  . 


garded  as  true  tumors.  Those  ordinarily  found  certainly  show  no 
evidence  of  advancing  growth.  They  suggest  rather  an  abnor- 
mality of  the  blood-vessels  similar  to  a vascular  nevus  of  the  skm. 

The  true  cavernous  tumors  consist  of  large  irregular  cavities 
s(‘parated  by  thin  non-vascular  walls  of  connective  tissue  lined 
on  each  sid('  with  (mdothelial  cells.  These  partitions  have  just 
th('  structure  of  the  valves  in  veins.  All  three  of  the  tumors  of 
this  type  obtaiiuKl  for  study  showed  the  same  structure  and  the 
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Fig.  227.— Hemangioma  of  leg.  Cells  several  layers  thick  in  walls  of  vessels. 

M.  and  W. 


I ig.  228.  Hemangioma  of  orbit.  The  endothelial  cells  tend  to  form  several 
layers  in  the  walls  of  the  vessels.  IM.  and  W. 
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Fig.  229. — Hemangioma  of  orbit.  Papillary  masses  of  endothelial  cells  pro- 
ject into  lumen  of  vessel.  IM.  and  W. 


Fig.  230.— Capillary  hemangioma  growing  without  lumen  formation.  Three 

whorls  of  cells  present.  M.  and  W. 
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same  peculiarities.  They  wen'  found  to  be  srowinji;  and  extending 
within  blood-vessels,  chiefly  the  veins.  Here  and  tlu're  the  tumor 
leads  to  great  dilatation  of  the  vessels  and  ma}’^  l)reak  through  the 
wall  and  invade  the  surrounding  tissue.  In  this  way  new  see- 
ondaiy  nodules  ma}^  arise  at  a distance  from  the  ]:>rimary  growth, 
not  by  metastasis  but  by  direct  extension. 

Without  much  question  this  form  of  tumor  starts  within  the 
larger  blood-vessels — that  is,  veins  not  eapdlaries — and  grows 
and  extends  intravascularly  in  the  form  of  thin  connective-tissue 
membranes  covered  with  endothelial  cells.  The  starting  ])oint 
of  new  membranes  may  occasionally  be  found;  also  whorls  of 


Fig.  2.31, — Cavernous  licmangionia  of  skin.  M.  and  W. 


endothelial  cells  such  as  occur  in  the  ca))illary  form  of  endothelioma 
when  the  lumen  of  a vessel  becomes  obliterated.  When  the 
endothelial  cells  under  either  of  these  conditions  form  more  than 
one  layer,  collagen  fibrils  extend  in  between  the  endothelial  cells 
and  form  a sui)port  for  them. 

Thrombi  are  of  frequent  occurrence  in  this  type  of  tumor. 
They  may  become  calcified  and  form  phleboliths,  or  they  may 
become  organized.  Those  found  in  the  late  stages  of  the  process 
of  organization  may  consist  entirely  of  fibroblasts  surrounded 
by  fibroglia  and  collagen  fil)rils. 

Occurrence,  etc. — The  hemangio-endothelioblastomas  are  often 
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Fig.  2:^2. — Cavernous  heinaiigioina  extending  within  a vein.  M.  and  W. 


Fig.  233. — Cavernous  hemangioma  extending  within  a vein.  M.  and  W. 
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congenital  and  frequently,  perhaps  always,  arise  from  abnormali- 
ties of  the  blood-vessels,  especially  from  vascular  nevi.  They  occur 
most  often  in  the  skin  and  subcutaneous  tissue,  ljut  may  originate 
also  in  muscles,  nerves,  the  liver,  spleen,  brain,  bone  marrow,  etc. 
They  are  to  be  regarded  on  the  whole  as  benign  growths,  although 
locally  destructive,  because  their  manner  of  extension  is  by  infiltra- 
tion of  surrounding  tissues  and  by  growth  within  and  along  blood- 
vessels. Apparently  but  one  case  of  metastasis  is  on  record. 

Gross  Characteristics.  The  hemangio-endothelioblastoma  ])re- 
sents  marked  variations  in  size.  In  one  instance  a rapidly-growing 
tumor  of  the  capillary  type  involved  the  lower  half  of  the  face,  while 


Fig.  23t.  Cavernous  hemangioma  in  a girl  fourteen  jmars  old. 

the  cavernous  examj^le  pictured  here  extended  from  the  axilla, 
where  it  started,  to  the  hand  and  also  on  to  the  front  of  the  chest. 

The  tumor  may  be  level  w'th  the  surface  or  form  one  to  many 
nodular  projections.  The  color  varies  from  light  red  to  the 
deepest  purjile.  On  pressure  the  nodules  are  comparative!}^  soft 
and  the  blood  can  usually  be  forced  temjtorarily  out  of  them. 

LYMPHANGIO-ENDOTHELIOBLASTOMA 

The  cells  of  a lymphangio-endothelioblastoma  tend  to  form 
ymph-vessels.  True  tumors  arising  from  the  endothelium  lining 
.vunph-vessels  are  rare  and  the  means  of  recognizing  them  are  not 
so  sure  and  reliable  as  in  the  case  of  the  hemangio-endotheliomas. 
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Dilatation  of  pre-existing  lymph-vessels  does  not  constitute  a 
true  tumor  formation. 


Fig.  235. — Lympliangio-endothelioblastoma  (lymphangioma).  M.  and  W. 


Fig.  23G. — T.ymphangio-ondotholiohlasfnma  (lymphangioma).  M.  and  t\  . 


T.ymphangio-i'ndotheliomas  are  composed  of  irregular  cavities 
of  various  sizes  communicating  with  each  other  and  lined  with 
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flat  endothelial  cells.  The  cavities  contain  a serous  secretion. 
Two  tumors  of  this  type,  one  occurring  retroperitoneall}-  and 
the  other  in  the  wall  of  the  uterus,  both  showed  areas  of  a more 
solid  appearance  where  spherical  cells  were  becoming  hollow(‘d 
out.  The  vacuoles  thus  formed  coalesced  into  lumina,  while  the 
cells  flattened  out  and  formed  a wall  for  them. 

True  lymph-vessel  tumors  are  rare.  They  occur  in  the  skin, 
in  the  connective  tissue  in  various  locations,  and  very  rarely  in 
the  different  organs,  such  as  the  spleen,  uterus,  etc.  Organization 
of  a peritoneal  exudate  with  c}^st  formation  l)y  mesothelial  cells 
which  have  not  been  destroyed  has  unquestionably  been  mistaken 
more  than  once  for  a lymphangioma.  In  a similar  manner  marketl 
dilatation  of  the  lymj)h-vessels  of  the  intestinal  wall  ma}’’  suggest 
tumor  formation. 

Gross  Characteristics.  They  may  form  verv  definite  tumor 
nodules,  sometimes  of  large  size,  which  on  section  are  gray,  trans- 
lucent, sometimes  of  a spongy  appearance  and  very  moist  owing 
to  the  escape  of  the  serous  contents  of  the  vessels  and  c,ysts. 


DURAL  ENDOTHELIOBLASTOMA 

The  type  cell  of  a dural  endothelioblastoma  varies  consideraljly 
in  the  different  tumors.  It  may  be  very  large  and  thin,  or  more 
compressed  and  thick,  even  approaching  sometimes  a cubical 
epithelial  cell  in  form.  Occasionally,  the  cytoplasm  shows  a very 
finely  fibri  liar  structure. 

I he  tumor  cells  are  ordinarily  grouped  in  small  or  large  masses 
with  a slight  connective-tissue  stroma  containing  blood-vessels 
between  them,  an  alveolar  arrangement;  but  sometimes  the  tumor 
and  its  stioma  are  intimately  blended  together  so  as  to  j^resent 
the  appearance  of  a fibrosarcoma.  This  blending  occurs  when 
growth  is  slow  and  the  filiroblasts  have  time  to  grow  in  between 
the  tumoi  cells  and  deposit  collagen  fibrils  as  a backing  for  them. 

d he  cells  of  a dural  endothelioblastoma  tend  to  cover  a surfa(*e. 
knder  various  pathologic  conditions,  aside  from  tumor  formation, 
the  dural  endothelial  cells  often  proliferate,  thicken  up  into 
layers,  and  form  small  and  large  concentric  masses  of  cells.  Such 
cell  accumulations  are  not  uncommon  around  the  pituitary  body 
and  may  often  lie  found  scattered  over  the  surface  of  the  pia.  A 
similar  tendency  in  the  manner  of  growth  is  often  exhibited  by 
the  cells  in  a dural  endothelioma  and  is  fairly  characteristic.  The 
cells  incline  to  wrap  around  each  other  so  as  to  form  single  and 
multiple,  small  and  large  concentric  masses  or  whorls.  These 
vTorls  may  be  exceedingly  numerous  or  entirely  absent.  The  cause 
o their  formation  is  not  evident.  Cells  sim])ly  apifly  them.selves 
to  the  surface  of  one  or  more  other  cells  which  form  the  center. 

21 
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Wlien  a dural  endothelioma  invades  the  dura,  as  not  infre- 
quently happens,  the  tumor  cells  sometimes  apply  themselves  to 
the  surface  of  strands  of  collagen  fibrils,  especially  when  the 
fibroblasts  caring  for  them  have  undergone  necrosis.  Under 
these  conditions  the  whorls  may  be  of  various  shapes,  spherical, 
elongated,  irregular.  The  centers  of  them  may  contain  one  or 
several  masses  of  collagen  fibrils  which  gradually  undergo  a hyaline 
transformation.  These  two  types  of  whorls  may  occur  together. 

A third  type  of  whorl  also  occurs.  This  is  due  to  a commingling 
of  dural  endothelial  cells  and  of  fibroblasts  either  as  the  result  of 


Fig.  237. — Dura  of  spinal  cord  in  five  months’  fetus.  Dural  endothelium  at 

bottom  not  yet  .split  into  two  layers. 

invasion  of  connective  tissue  by  the  tumor-cells  or  the  ingrowdh 
of  the  fibroblasts  into  the  tumor  cell  masses.  Both  processes 
occur.  In  this  third  type  the  center  of  the  whorl  is  formed  by 
one  or  more  endothelial  cells  around  which  one  or  more  fibroblasts 
deposit  a spherical  shell  or  capsule  of  collagen  fibrils.  Compound 
whorls  also  occur  owing  to  several  centers  of  whorls  starting  close 
together  in  contact  with  the  same  clump  of  fibroblasts.  After  a 
certain  length  of  time  the  endothelial  cells  in  the  center  of  these 
whorls  may  undergo  necrosis  and  disappear . 
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Fig.  23S.— Dural  endothelioma.  Cells  form  large  whorl.s.  Dura  at  base  of 

picture.  M.  and  W. 


Fig.  239.  Dural  endothelioma  containing  numerous  whorls  formed  around 
hyaline  masses  of  collagen  fibrils.  M. 
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One  other  feature  more  or  less  eliaractia'istic  of  dural  endo- 
theliomas is  a gradual  h^ailiue  transformation  of  many  of  the  con- 
centric whorls  of  cells.  This  feature  is  sometimes  especially 
prominent  when  the  dura  is  invaded  because,  as  already  mentioned, 
the  strands  of  connective  tissue  surrounded  by  the  tumor  cells  are 
often  the  first  to  undergo  necrosis  and  hyaline  transformation. 
As  a result  hyaline  beams  and  irregular  masses  of  various  shapes 
may  be  formed  as  well  as  the  ordinary  spherical  balls.  Rarely, 
the  walls  of  small  blood-vessels  thicken  up  and  are  transformed 
in  the  same  way  into  hyaline  material. 


Lime-salts  may  be  deposited  in  these  hyalim'  massi's  so  that  the 

tumor  on  section  feels  sandy  to  the  touch. 

This  form  of  tumor,  although  usually  regarded  as  bi'ingn, 
shows  a marked  tendency  to  invade  the  dura  and  infiltrate  it 
more  or  less  extensively.  Instances  have  been  reporti'd  of  ex- 
tension through  the  skull.  On  the  other  hand,  although  it  exerts 
a good  deal  of  ]H-essur('  internally  as  it  grows,  and  causes  atrophy 
of  th(>  nervous  tissue  on  which  it  jiresses,  it  viay  rarely  shows  any 
teiuh'ucy  to  invade  the  ])ia.  While'  invasion  of  the  dura  indicates 
a slight ’degr('('  of  malignancy,  metastases  a]:>i)arently  never  occur. 

The  tumors  grow  at  various  rates  of  s])eed.  Occasionally, 
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mitotic  figures  are  fairly  numerous,  but  most  of  th(‘  tumors  are 
of  slow  growth. 


Fig.  241.— -Dural  endothelioma,  a.  Whorls  of  endothelial  cells  and  fihro- 
lilasts;  h,  whorls  of  endothelial  cells  around  (necrotic)  hyaline  nia.sses  of  col- 
lagen fibrils. 


Fig.  242.— Dural  endothelioma.  Several  true  lumor  giant-cells  present.  M. 


The  dural  endothelioma  is  neee.ssarily  limited  in  its  site  of 
ojigin.  Usually  it  arisi's  from  the  endoth('lium  lining  the  dura 
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hut  occasionally  from  the  endothelium  covering  the  pia  arachnoid. 
The  tumor  is  much  more  common  within  the  skull  than  in  the 
spinal  canal. 

It  occurs  most  commonly  in  the  vault  of  the  skull,  but  may 
arise  also  anywhere  at  the  base. 

Gross  Characteristics. — Dural  endotheliomas  are  usually 
small,  a few  centimeters  in  diameter,  but  occasionally  they  reach 
a large  size;  thus,  for  examjile,  one  weighed  a little  over  200  grams; 
another  in  the  right  occipital  lobe  measured  8.5  by  6 by  6 cm. 
Occasionally,  they  are  multiple. 

They  tend  to  be  spherical  in  shape  but  sometimes  are  irregular 
or  lobed;  if  they  are  attached  to  the  dura,  they  are  more  or  less 
flattened  on  one  side  and  sometimes  hemispherical. 

In  color  they  vary  from  reddish  gray  to  gray  or  white  according 
to  their  vascularity. 

Some  are  soft  in  consistence  and  easily  teased  apart;  others 
tough  or  firm. 

W'hen  the  hyaline  concentric  masses  are  calcified,  the  tumors 
feel  sandy  or  gritty.  On  this  account  they  have  sometimes  been 
called  psammomas.  This  term  is  inexact  and  inadvisable,  how- 
ever, because  it  simply  has  reference  to  a physical  condition  which 
may  occur  also  in  tumors  of  other  nature. 

8.  LYMPHOBLASTOMA 

(Lymphocytoma,  lymphoma,  lymphosarcoma,  psetidoleokemia,  lymphatic 

leukemia,  Hodgkin’s  disease) 

Definition. — A tumor  of  mesenchymal  origin  of  which  the  cells 
tend  to  differentiate  into  lymphocytes,  that  is,  into  cells  of  the 
lymphocyte  series. 

Type  Cell.— The  type  cell  is  the  lymi)hoblast.  It  occurs 
abundantly  in  the  germinative  centers  in  the  lymiili  nodules  of 
the  lymph-nodes,  the  tonsils,  the  gastro-intestinal  tiact  and  the 

spleen.  _ 

The  lymphoblast  under  normal  conditions  passes  l)y  slight 

degrees  of  differentiation  of  nucleus  and  cytoplasm  through  inter- 
mediate stages,  to  which  the  term  lymphocyte  is  applied,  to  the 
end  product  known  as  the  lymiihoid  cell.  In  the  mucous  mem- 
brane of  the  intestine  it  ayipears  in  another  form  called  the  jilasma 
cell.  Under  pathologic  conditions  plasma  cells  may  be  formed  in 
large  numbers  anywhere  from  lymphocytes  and  even  rarely  fiom 
lymphoblasts. 

The  various  forms  of  cells  derived  from  the  lymphoblast  are 
sometimes  all  classed  together  as  lymi^hocytes  or  are  spoken  of 

as  ci'lls  of  the  lymiihocyte  series. 

The  diffenmt  cells  of  the  lymphocyte  series  vary  considerably 
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in  size  ami  in  other  features.  In  general  they  are  eoinj)aratively 
small  rountl  cells.  The  lymphoid  cell  is  the  smallest  of  the  series 
and  represents  the  eml  product  of  differentiation.  It  is  i)rol)al)ly 
incapable  of  undergoing  mitosis.  All  the  lymphocjdes  i)osse.ss 
the  j:)ower  of  ameboid  motion,  but  the}^  are  never  phagocytic  for 
foreign  particles  of  any  sort  or  for  other  cells. 

The  nuclei  are  round,  relatively  large,  and  contain  rather 
coarse  chromatic  granules,  located  for  the  most  part  at  the  periph- 
ery. As  a rule,  the  nucleus  lies  a little  eccentric  in  the  cyto- 
plasm. 

The  cytoplasm  tends  to  be  baso])hilic.  This  property  is 
especially  prominent  in  the  plasma  cell.  Near  the  nucleus  on 


Fig.  243. — Lymphoblastoma  growing  rapidly.  M. 


the  side  where  the  cytoplasm  is  most  abundant  is  a small  crescent- 
shaped, acidojthilic  area  in  which  the  centrosomes  lie.  Under 
normal  conditions  certain  minute,  rod-shaped  granules,  stainable 
by  special  methods,  can  be  demonstrated  in  the  cytoplasm  near 
the  nucleus  (Schridde).  They  do  not  appear,  however,  in  tumor 
cells  derived  from  the  Ij'inphoblast,  hence  they  do  not  possess 
diagnostic  value. 

It  is  evident  that  the  characteristics  of  the  cells  of  the  lympho- 
cyte series  are  not  jiarticularly  striking  even  under  normal  con- 
ditions. They  are  even  less  so  in  the  tumors  originating  from 
lymphoblasts  because  the  cell  differentiation  is  rarely  perfect. 

Histologic  Appearance.— The  cells  of  a lymphoblastoma  tend 
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to  differentiate  into  cells  of  the  lymphocyte  series,  but  so  far  as 
known  they  never  form  plasma  cells.  They  may  come  very  close, 
morjihologically,  to  the  pre-lymphocytes,  lyinjihocytes  and 
lymiihoid  cells  or  depart  widely  from  them,  but  it  seems  probable 


Fig.  244.— Lyinphoblastoma  growing  rapitlly.  a,  Three  mitotic  figures  pres- 
ent; h,  large  lol)ulated  tumor-cell. 


Fig.  245. — Lymphoblastoma,  scirrhous  type.  Often  called  Hodgkin’s  disease 

and  regard(!(l  as  an  infectious  process. 


tliat  they  always  retain  their  jihysiologic  proiierty  of  ameboid 
motion. 

In  some  of  the  tumors,  cells  of  large  size,  with  large  lobulated 
or  multiple  nuclei,  often  occur.  They  arise  by  mitosis  which  is 
freriuently  multi])le,  and,  although  they  sometimes  resemble  b) 
some  extent  the  endothelial  cells  occurring  in  normal  lym])hoid 
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tissue,  are  uiKiuestional)ly  true  tumor  cells  of  lym])hohlastic  origin. 
On  the  other  hand,  endothelial  cells  are  commonly  i)rescnt,  as  in 
normal  lymphoid  tissue,  and  often  exhibit  marketl  ]diagocytic 
properties,  incorporating  and  digesting  numerous  tumor  cells. 

The  lym]:)hoblastoma  is  an  infiltrative  tumor,  therefore  its 
stroma  is  furnished  l)y  the  organ  or  tissue  it  invades.  In  some 
tumors  the  stroma  is  of  the  slightest,  consisting  chiefly  of  capillary 
blood-vessels  accompanied  by  a minimum  of  connective  tissue, 
usually  in  the  form  of  a reticulum.  As  the  invaded  organs  enlarge 
the  stroma  may  be  increased  by  ])roliferation  of  fibroblasts  and 
probably  by  the  formation  of  new  blood-vessels. 


Idg.  24G. — Lymphoblastoma.  Srirrlious  typo  of  tumor;  only  two  tumor-coils 

present;  numerous  eosinophiles- 

Sometimes  the  tumor  cells  arouse  marked  reaction  on  the  ]iart 
of  the  fibroblasts,  so  that  the  latter  multiply  exceedingly  just 
as  they  often  do  in  certain  forms  of  carcinoma.  This  noticeable 
increase  of  connective  tissue  is  most  common  in  the  slowly-growing 
scirrhous  type  of  lymphoblastoma.  At  the  same  time  there  is 
often  an  abundant  inflammatory  infiltration  with  eosinophiles 
and  plasma  cells.  This  type  of  tumor  may  sometimes  so  closely 
resemble  inflammatory  tissue  that  it  is  often  regarded  as  a chronic 
infectious  process.  Its  distinguishing  feature  is  the  presence  of 
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tumor  cells,  often  in  very  small  numbers,  which  are  different  from 
any  cell  found  in  chronic  inflammatory  processes. 

Origin  and  Occurrence. — The  lymphoblastoma  probably 
originates  from  a single  cell,  a lymphoblast.  Cells  of  this  type 
occur  in  nearly  all  parts  of  the  body,  but  are  most  common  in  the 
various  lymph-nodes  and  in  the  lymph-nodules  of  the  gastro-in- 
testinal  tract  and  spleen.  On  this  account  the  lympholilastoma 
may  originate  in  various  localities  wherever  lym]:)hoid  tissue  exists, 
as,  for  example,  in  the  cecum  or  spleen,  but  it  starts  most  commonly 
in  lymph-nodes,  especially  in  those  in  the  cervical,  axillary  and 
inguinal  regions  and  in  the  mediastinum. 


Fig.  247. — Twmpholdastoma  of  lymph-node  invading  and  destroying  a lymph- 

nodule.  M.  and  \\  . 


The  tumor  cells  spread  ra]hdly  from  one  node  to  another  so 
that  all  in  a given  region  often  seem  to  lie  involved  at  once,  but 
careful  study  of  early  cases  shows  that  the  tumor  spreads  from  one 
point,  probably  from  a single  cell  or  perhaps  from  a small  group 
of  them,  just  as  a cancer  does.  The  tumor  cells  infiltrate  the 
parenchyma  and  the  lymph  sinuses  of  the  lymph-nodes  and  very 
quickly  destroy  all  landmarks.  Sometimes  it  is  possible  to  dis- 
cover the  advancing  edge  of  infiltration  within  a node  and  oliserve 
how  it  spreads.  As  a rule,  a lymphoblastoma  remains  within  the 
capsule  of  the  lymph-node  but  it  may  infiltrate  it  and  spread  to 
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the  surroiiiiding  fat  and  muscle-tissues.  It  extends  to  other  lynii)li- 
nodes  chiefly  througli  the  lymphatics. 

Rate  of  Growth. — Some  l}unphoblastomas  grow  very  rapidly; 
others  very  slowly;  all  variations  in  rate  of  growth  between  the 
two  extremes  occur.  The  rapidly-growing  tumors  are  readil}" 
recognized  as  such.  Those  which  grow  slowlj'  are  sometimes 
mistaken  for  a chronic  inflammatory  process  and  have  been 
regarded  as  of  infectious  origin.  The  reason  for  the  error  is  the 
comparatively  small  number  of  tumor  cells  often  present  and  the 
marked  inflammatory  reaction  which  they  induce. 

Gross  Characteristics.— When  a lymphoblastoma  involves  a 
group  of  lymph-nodes  it  leads  to  marked  enlargement  of  them. 
The  packet  of  nodes  formed  is  frequently  the  size  of  the  fist,  or 
larger.  The  separate  nodes  are  often  distinct  but  may  be  ol> 
scured  by  tumor  infiltration  of  the  surrounding  tissues.  On 
section,  the  tissue  usually  appears  gray  and  translucent  and  more 
or  less  friable,  but  ma}’’  be  tough  and  fibrous  owing  to  the  formation 
of  much  dense  connective  tissue. 

Retrograde  Changes. — It  is  not  uncommon  for  foci  of  necrosis 
to  occur  in  the  lymphoblastoma.  They  are  probably  due  to 
obstruction  of  the  small  blood-vessels  either  b}^  jiressure  or  by 
tumor  thrombus  formation  within  them.  These  foci  of  necrosis, 
especially  when  they  are  present  in  the  slowl3’--growing  tumors, 
sometimes  suggest  gummas. 

Diagnosis. — The  diagnosis  of  a hmiphoblastoma  must  be 
based,  just  as  with  other  varieties  of  tumors,  on  the  character  of 
the  tumor  cells,  not  on  that  of  its  stroma  or  on  the  kind  of  cellular 
exudation  which  it  sometimes  calls  forth. 

Metastasis. — The  cells  of  the  lymphocyte  series  normally 
migrate  into  the  lymph-vessels  and  in  this  way,  and  ]:)robably  also 
to  some  extent  by  direct  ameboid  action,  gain  entrance  to  the  blood 
stream.  It  is  not  sur]wising,  therefore,  that  the  cells  of  a lympho- 
blastoma quickly  invade  the  lymph-vessels  of  the  organ,  usuall}^ 
a lymph-node,  in  which  it  starts.  It  is  in  consequence  of  quick 
and  early  metastasis  of  the  cells  from  one  lym]:)h-node  to  another 
that  the  tumor  so  commonly  involves  a whole  chain  of  lymifli- 
nodes  and  suggests  thereby  a multijile  origin  in  a given  region; 
but  the  same  rapid  spread  ma}"  be  observed  when  another  group 
of  lymph-nodes  becomes  involved. 

1 umor  cells  in  the  lymphatics  arc  often  carried  into  the  blood 
.stream  and  in  this  medium  are  transi)orted  all  over  the  body. 
They  may  emigrate  at  any  point  from  the  vessels  into  the  tissues 
and  in  this  way  form  metastases  in  various  organs,  but  especially 
in  the  spleen,  liver,  kidne3's  and  bone  marrow.  The.v  ma\"  give 
rise  to  diffuse  infiltrations  or  to  more  or  less  discrete  tumor  nodules. 
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Not  infrequentl}',  however,  of  the  cells,  finding  condi- 

tions favorable  for  growth  in  the  blood,  remain  there  and  multiply. 
^\  ith  other  tumor  cells,  exce^it  those  derivi'd  from  myeloblasts, 
this  does  not  occur..  Neither  does  it  always  occur  with  the  lympho- 
Idastoma.  Apparently  those  tumor  cells  succeed  best  which  are 
nearest  in  character  to  the  normal  l3Tn])hocytes.  This  condition 
of  the  growth  of  the  cells  of  a l\miphoblastoma  in  the  circulating 
blood  is  commonly  called  l^unphatic  leukemia.  It  is  really  a 
circulating  tumor  metastasis. 

The  cells  of  a lymphoblastoma  causing  hunphatic  leukemia 
may  gain  access  to  the  blood  through  the  lymphatics  by  wa>'  of 


Fig.  248. — Lymphoblastoma  (lymphatic  leukemia).  Tumor-cells  in  blood- 

sinuses  of  liver. 

the  thoracic  duct,  b}^  immigration  into  the  blood-vessels,  or  by 
direct  growth  of  the  tumor  through  the  vessel  wall  into  a vein 
or  arteiy.  From  a tumor  thrombus  formed  in  this  manner  the 
cells  readily  escape,  often  in  large  numbers,  into  the  blood  stream, 
(dinical  observations  have  shown  that  the  tumor  cells  sometimes 
make  their  appearance  in  the  blood  in  successive  cro]is. 

Sometimes  a lymphoblastoma  seems  to  start  from  the  begin- 
ning in  the  circulation  as  a lyniphatii^  leukemia;  at  least  in  certain 
instance's  no  tumor  mass  can  be  found  anywhere  as  a starting  point. 

Lyni])hatic  leukemia  occasionally  runs  a very  rapid  course 
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of  only  a few  weeks’  duration  and  ma}^  in  tliis  way  simulate  an 
acute  infectious  process. 

The  lymphol)lastoma  appears  under  various  forms  and  is 
known  by  a number  of  different  names,  such  as  lymphoblastoma, 
lymphoma,  lymphocytoma,  lymphosarcoma,  small  round  cell  sar- 
coma, pseudoleukemia,  lymphatic  leukemia,  Hodgkin’s  disease. 
This  variety  of  names  is  partly  the  result  of  the  different  clinical 
pictures  jjresented  by  the  tumor  as  the  consequence  of  location, 
rapidity  of  growth  and  manner  of  spreading,  and  j:)artly  the  result 
of  the  lack  of  distinctive  peculiarities  which  would  render  the 
exact  nature  of  the  tumor  recognizable  under  all  conditions. 


Fig.  249. — Liver.  Lympluilie  leukeini;i.  Ma.sse.s  of  lyniphocytes  IxMioath 
lining  endothelium  of  a central  vein.  M. 

Hodgkin'' s disease  is  a term  of  clinical  origin  applied  to  a certain 
symptom  comjffex  or  syndrome,  namely,  to  a marked  chronic 
enlargement  of  the  lymjth-nodes  of  the  neck. 

The  nature  of  the  affection  is  various.  The  quickest,  and  in 
fact  the  only,  relialtle  way  in  which  to  make  an  exact  diagnosis 
is  to  excise  a lymith-node  in  each  individual  instance  and  make  a 
microscopic  examination.  Sometimes  it  is  advisable  to  inoculate 
a guinea  pig  with  some  of  the  tissue  at  the  same  time. 

The  diagnosis  frequently  turns  out  to  be  tul)erculosis;  rarely 
it  IS  due  to  metastasis  from  an  unrecognized  tumor  in  the  im- 
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mediate  neighborhood  (thyroid,  esojihagus,  carcinoma  of  branchial 
cleft  origin)  or  at  a distance;  most  often  it  is  a lymphoblastoma, 
usually  of  the  slowly-growing  scirrhous  type.  Tuberculosis  and 
lymphoblastoma  may  occur  in  the  same  lymph-nodes. 

The  scirrhous  type  of  lymphoblastoma  is  regarded  by  many 
as  a chronic  infectious  process  and  not  as  a new-growth.  It  is  also 
regarded  as  the  typical  lesion  of  Hodgkin’s  disease.  Therefore 
the  term  Hodgkin’s  disease  is  extended  and  sometimes  applied  to 
this  type  of  lesion  wherever  it  occurs;  for  example,  primary 
Hodgkin’s  disease  of  the  spleen. 

The  term  Hodgkin’s  disease  is  inexact  and  should  not  be  used. 
It  always  covers  ignorance  of  the  true  nature  of  the  lesion. 

9.  MYELOBLASTOMA  (MYELOGENOUS  LEUKEMIA;  CHLOROMA) 

Introduction. — The  myeloblastoma  is  a fairly  common  and 
very  important  tumor  which  has  been  generally  recognized  as 
such  only  within  recent  years.  The  usual  form  under  which  it 
a]ipears  is  as  myelogenous  leukemia.  Rarely,  it  occurs  in  another 
form  known  as  chloroma,  the  green-colored  tumor. 

Type  Cell  . — The  type  cell  of  the  myeloblastoma  is  the  myelo- 
blast of  the  bone  marrow  and  its  derivatives.  In  its  undiffer- 
entiated form  this  cell  is  not  sharply  characterized  morphologically. 
It  resembles  a large  lymphocyte.  From  it  by  multiiilication  and 
differentiation  arise  first  the  three  ty]ies  of  myelocytes  with  acido- 
philic,  basophilic  or  neutrophilic  granular  cytoplasm,  and  later  the 
three  forms  of  polymorphonuclear  leukocytes  (eosinophile,  mast- 
cell, and  polymorphonuclear  leukocyte  or  neutrophile). 

The  cells  of  a myeloblastoma  tend  to  differentiate  in  the  same 
way  as  do  the  cells  derived  from  the  myeloblast  under  normal 
conditions.  If  the  tumor  grows  slowly  the  differentiation  is  more 
or  less  perfect,  but  if  the  cell  multiplication  is  rapid  the  character- 
istic granules  in  the  cytoplasm  may  be  only  partially  formed. 
Under  this  condition  the  recognition  of  the  tumor  by  moriihologic 
characteristics  only  may  be  difficult  or  open  to  doubt,  k^or- 
tunately,  there  are  two  reactions  of  a biologic  or  chemical  nature 
which  aid  in  the  recognition  of  the  mj-eloblast  and  its  derivatives. 

These  cells  develop  and  contain  in  their  cytoplasm  an  oxidizing 
substance.  This  oxidase  can  be  demonstrated  most  satisfactorily 
by  the  indophenol  synthesis  test,  which  stains  blue  the  cells  con- 
taining it.  Lymphocytes  and  most  other  cells  do  not  give  the 
reaction. 

The  myeloblast  also  shows,  when  properly  ti'sted,  the  presence 
of  a proteid  splitting  enzyme  which  acts  in  an  alkaline  medium. 
Lymphocytes  tested  in  this  way  are  always  negative. 

Origin. — The  myeloblastoma  yirobably  always  starts  in  the 
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bone  marrow,  although  it  is  theoretically  conceivabk'  that  the 
cell  from  which  the  tumor  originates  might  be  circulating  in  the 
blood  aiul  the  tumor  start  wherever  the  cell  hai)pens  to  be,  as 
occasionally  occurs  in  the  case  of  the  chorionepithelioma  and 
possibly  of  some  other  types  of  tumor. 

The  early  beginning  tumor  in  a bone  is  not  exposed  to  examina- 
tion and  it  produces  no  physical  symptoms  which  call  attention 
to  its  location.  Moreover,  owing  to  the  rapidity  with  which  the 
cells  of  a myeloblastoma  enter  the  circulation  and  are  carried  all 
over  the  body,  and  the  readiness  with  which  they  infiltrate  the 


Fig.  2.50. — Myeloblastornii  (myelogenous  leukemia).  Tinnor-cells  in  blood- 
vessel in  bone  marrow. 


bone  marrow  everywhere  and  develop  there,  it  is  probabl}'’  im- 
possible ever  in  any  given  instance  to  state  in  the  marrow  of 
which  bone  the  tumor  started. 

Metastases. — As  already  stated  the  cells  of  a myeloblastoma 
quickly  invade  the  blood  and,  owing  to  the  nature  of  their  origin, 
find  conditions  there  favorable  for  further  development.  In 
other  words,  they  become  a circulating  metastasis  of  which  the 
cells  continue  to  multiply  in  the  blood.  No  other  cell  except  the 
lymphocyte  is  capable,  so  far  as  we  yet  knowq  of  developing  under 
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similar  conditions.  The  cells  of  other  tumors  st'f  the  blood, 
blit  they  do  not  continue  to  proliferate  and  circulate  there. 

The  circulation  of  the  cells  of  a myeloblastoma  in  the  blood 
naturally  causes  great  increase  in  the  number  of  white  corj:)uscles, 
so  that  they  run  up  from  the  normal  jiroportions  of  8, ()()()  to  12,000 
per  cubic  millimeter  into  the  hundreds  of  thousands  and  even 
into  the  millions,  ecpialing  or  exceeding  the  numlier  of  red  blood- 
cori:>uscles.  The  condition  has  long  been  known  as  myelogenous 
leukemia.  If  the  cells  of  the  tumor  are  proliferating  slowly  many 
of  them  have  the  opportunity  to  differentiate  into  fully  developed 
leukocytes.  The  ]iro])ortions  of  the  three  types  vary  greatly  in 
different  instances. 


Fit^.  2.51. — Myeloblastoma  (myelogenous  leukemia).  Tumor-eells  in  blood- 

sinuses  of  liver. 

When  the  tumor  is  growing  rapidly  the  cell  differentiation  may 
be  slight.  Ceases  with  cells  of  this  type  have  unquestionably  been 
regarded  as  lymphatic  leukemia  with  cells  of  a large  size. 

From  the  circulating  metastasis  in  the  blood  the  tumor  cells 
may  invade  various  organs  in  the  body.  Thus  they  quickly  in- 
filtrate the  marrow  of  all  the  bones  and  thereby  suggest  a primary 
disease  of  the  blood-producing  tissues,  the  view  formerly  held. 
Probably  the  invasion  is  always  very  uniform,  but  it  may  not  be. 
Careful  exarnination  of  many  bones  in  cases  coming  to  autopsy 
at  an  early  stage  of  the  jirocess  might  throw  light  on  this  iioint. 
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111  the  sjiloen  the  infiltration  is  often  very  extensive  and  aj)- 
p^ii c'iitl\  al\\a\s  iinifornily  distrihiited.  If  the  cells  were  only 
in  the  blood  stream  the  spleen  ivould  be  no  larger  than  in  con- 
gestion. Instead  it  often  reaches  a large  size  and  weighs  many 
kilos  (one  to  eight).  The  tumor  cells  emigrate  from  the  blooil- 
vessels,  infiltrate  the  tissues  between  them  and  multiply  there  in 
great  numbers.  The  increase  in  weight  of  the  siileen  rejiresents 
simply  tumor  growth.  W hen  the  spleen  is  much  enlarged  the 
clinicians  often  apply  the  term  sjilenic  myelogenous  leukemia 
to  the  case. 

The  liver  also  often  attains  a large  size  and  mav  weigh  five  or 
SIX  kilos.  Here  again  the  increase  in  weight  represents  tumor 


^ (myelogenous  leukemia).  Tumor  cells  in  the  blood 

m the  central  vein  and  adjoining  sinusoids  of  a lobule  of  the  liver.  M. 


growth.^  The  cells  infiltrate,  especially  throughout  the  periportal 
connective  tissue. 

Besides  the  metastases  in  the  blood,  bone  marrow,  sideen 
and  hver,  certain  other  organs,  such  as  the  lymph-nodes  and  the 
udneys,  inay  be  invaded  and  the  cells  may  even  extend  from  a 
is  mph-node  into  the  surrounding  fat-tissue. 

r''“;  is  a slow-sromiiR  tumor  and 

! .L!  , [P  more  or  less  ijorfoctly  into  mvolo- 

tes  and  the  various  polymorphonuclear  leukocytes.  Occasion- 
a y,  however  the  tumor  develops  rapidly  and  tiie  cells  differen- 
late  but  little.  They  resemble  large  lymjihocytes  and  have  un- 
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(luestional)ly  been  mistaken  for  them.  The  cells  also  act  more 
like  other  tumor  cells  and  may  give  rise  to  multiple  tumor 
nodules  in  various  parts  of  the  body;  for  example,  in  the  kidneys, 
liinos,  brain,  within  the  dura,  etc.  They  also  commonlj^  form 
masses  along  the  vertebral  column,  sternum  and  other  bones, 
a])])arently  owing  to  direct  extension  from  the  bone  marrow  into 
the  periosteum  which  is  elevated  and  infiltrated. 

In  connection  with  the  rapidly-growing  myeloblastoma  one 
])oint  not  yet  touched  on  must  be  taken  up  and  that  is  the  color  of 
myeloblasts  when  massed  together.  If  the  blood  from  a case  of 
so-calletl  myelogenous  leukemia  is  rapidly  centrifugalized  after 
withdrawal,  with  as  little  exposure  to  the  air  as  possible,  it  will 
be  found  that  the  layer  of  leukocytes  presents  a greenish  yellow 
color;  the  greater  the  proportion  of  undifferentiated  myeloblasts, 
the  greener  the  color. 

In  the  cases  of  rapidly-growing  myeloblastoma  the  tumor 
masses  and  the  areas  of  infiltration  usually  appear  light  to  dark 
green,  owing  to  the  presence  of  numerous  undifferentiated  myelo- 
blasts. The  color  is  readily  masked  by  blood;  on  this  account 
the  bone  marrow  often  shows  no  evidence  of  a green  color.  The 
presence  of  much  connective-tissue  stroma  appears  to  have  a 
similar  effect. 

Tumor  nodules  presenting  a greenish  color  have  been  termed 
chloroma,  and  regarded  as  a definite  jiathologic  entity.  It  is  only 
within  a few  years  that  their  relation  to  myelogenous  leukemia 
has  lieen  recognized. 

The  green  color  is  very  evanescent.  It  disappears  in  about 
ten  minutes  on  exposure  to  the  air.  If  the  tissue  is  treated  with 
peroxid  of  hydrogen  the  color  will  return  almost  immediately, 
but  soon  fades  again.  The  test  works  also  on  tissue  long  jireserved 
in  formaldehyd. 

Diagnosis. — The  presence  of  a myeloblastoma  is  recognized 
by  the  examination  of  the  blood.  The  circulating  metastasis 
(the  leukemia)  has  always  and  necessarily  attracted  more  attention 
than  the  primary  tumor.  Enlargement  of  the  spleen  and  liver 
naturally  throw  much  light  on  the  spread  and  development  of  the 
pathologic  process.  The  condition  known  as  chloroma  should  be 
suspected  if  the  symptoms  are  acute  and  the  blood  examination 
shows  many  undifferentiated  myeloblasts.  The  diagnosis  of 
chloroma  during  life  has  been  made  from  the  presence  of  green 
nodules  in  the  skin  or  elsewhere. 

10.  MYELOMA 

Definition.— A tumor,  undoubtedly  of  mesenchymal  origin, 
which  arises  only  within  the  bone  marrow  and  which  is  peculiaily 
characterized  by  causing  the  presence  of  albumose  in  the  urine.. 
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Type  Cell.  The  ty])o  cell  of  this  tumor  has  not  yet  been 
determined.  Evidently  it  does  not  belonp;  to  the  myeloblast 
series  of  cells  because  it  does  not  differentiate  like  them.  More- 
over, the  myeloma  is  never  associated  with  myelogenous  leukemia. 


I'ig.  2.^4. — Myeloma. 


T)  0 only  other  e<.ll,s  peculiar  to  tlic  bone  marrow  are  the  ervthro- 
a.t  ami  the  megakaryocyte.  Possibly  it  arises  from  one  of 
these  cells.  It  is  elaimerl  by  some  writers  that  there  exists  in 
the  bone  marrow  another  i)ecuhar  kind  of  ec'll  which  they  call  the 
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l)one  marrow  plasma  cell  and  that  from  it  this  tumor  arises.  Time 
alone  will  tell. 

Histologic  Structure. — The  cells  of  a myeloma  sometimes 
closely  resemble  plasma  cells,  but  in  other  instances  they  do  not, 
at  least  at  all  closely.  The}"  are  of  medium  size  and  irregularly 
siiherical.  Usually  they  are  compressed  so  that  in  sections  they 
often  appear  more  or  less  iiolygonal.  The  nuclei  vary  from  round 
to  oval.  The  chromatin  granules  are  coarse  and  show  a tendency 
to  mural  arrangement.  Usually  there  is  a distinct  nucleolus. 
As  a rule,  the  nucleus  lies  a little  eccentric.  Sometimes  a cell 
contains  two  or  three  nuclei  or  a large,  irregular  nucleus. 

The  outline  of  the  cytoplasm  is  distinct  but  there  is  no  cell 
membrane.  Tlie  cyto])lasni  is  a])parently  composed  of  a fine, 
thick  reticulum  which  contains  no  granules  and  has  been  comiiared 
to  ground  glass.  It  tends  to  stain  rather  deeply,  but  not  so 
intensely  as  in  plasma  cells  which  these  cells  resemble  to  some 
extent  in  size,  shape  and  staining  reactions.  The  cytoplasm  is 
usually  said  to  be  basojihilic.  By  the  eosin  methylene-blue  method 
after  fixation  in  Zenker’s  fluid  it  is  rather  neutrophilic  and  some 
of  the  cells  are  distinctly  acidophilic.  There  is  no  light  space  in 
the  cytoplasm  near  the  nucleus  as  in  plasma  cells. 

The  stroma  consists  of  delicate  blood-vessels  along  with  which 
runs  a very  slight  connective-tissue  reticulum  which  spreads  in 
l)etween  the  tumor  cells  and  sipiports  them. 

The  tumor  occurs  in  various  bones,  is  often  multiple,  and  forms 
nodules  and  diffuse  infiltrations.  The  bones  may  become  eroded 
so  that  fractures  occur  and  the  ])eriosteum  may  be  infiltrated. 

n.  MELANOBLASTOMA  (MELANOMA,  MELANOTIC  SARCOMA) 

Definition. — A tumor  of  mesenchymal  origin,  of  which  the 
cells  tend  to  differentiate  into  ])igment  cells  or  melanoblasts 
(chrornatophores) . 

Type  Cell. — The  type  cell  is  the  melanoblast  or  pigment  cell 
which  occurs  (a)  in  the  skin  and  in  the  mucous  membranes 
derived  from  it,  (6)  in  the  iris  and  choroid  of  the  eye,  and  (c)  in 
the  membranes  of  the  central  nervous  system,  especially  in  the 
])ia  over  the  medulla.  It  is  a jierfectly  definite  type  of  cell  of 
mesenchymal  origin,  characterized  by  production  of  jiigment, 
and  l)y  lack  of  any  intercellular  substance. 

Pigment  cells  are  relatively  large  and  have  considerable  cyto- 
plasm. They  may  be  siiindle-shaped  or  irregularly  round  with 
long  cytoplasmic  processes.  41ie  pigment  is  iron-free  and  con- 
tains sulphur.  It  is  a direct  ])roduct  of  the  cells  and  occurs  as 
brown  granules;  some  cells  contain  many  of  them,  others  few. 
The  normal  pigment  cells  are  best  studied  liy  stri]i])ing  the  pia 


TUMOK.S 


341 


from  the  medulla,  preferably  of  a dark  eomplexioiied  or  colored 
person,  and  mounting  it  flat  on  a slide  in  water  or  glycerin.  Per- 
manent mounts  can  also  l)e  readily  prejoared.  The  cells  with 
their  long  pigmented  cytoplasmic  processes  stand  out  in  their 
entiret}'. 

Abnormal  collections  of  pigment  cells  occur  as  soft  congenital 
warts  (pigmented  nevi)  in  the  skin.  The  cells  are  polymorphous, 
varying  considerably  in  shajie.  Collagen  fibrils  from  the  sur- 
lounding  fibi oblasts  often,  but  not  always,  extend  in  between  the 
individual  i)igment  cells.  Where  they'^do  not  the  cells  present 
more  or  less  of  an  alveolar  arrangement.  As  a rule,  man}"  of  the 
cells  m these  nevi  are  comparatively  small  and  contain  no  pigment. 
They  are  regarded  as  undeveloped  melanoblasts.  Others  are 
deeply  pigmented  and  may  have  cytoplasmic  processes. 


Histologic  Appearances.— The  cells  of  .a  mel.anoblastom.a  fend 
to  ditterentiate  into  ingment  cells  or  melanoblasts.  They  varv 
muc  1 111  size,  pigmentation  and  arrangement,  dejiending  on  the 
amount  of  differentiation  the  cells  have  undergone  and  to  some 
extent  on  the  source  of  origin  of  the  tumors.  They  may  be  large 
or  small;  and  spindle-shaped,  round  or  polymorphous.  In  a given 

frj,n  *'■"  combinatiirs  of 

Somp  nf  ti  lie  amount  of  pigment  likewise  varies  greatlv. 

dark  brotiTr  m P^Smented,  containing  numerous 

none  at  nil  ^ nucleus,  while  others  contain 

dimclfatP  1 I ^"^^^"^'‘^"tions  between  the  extremes  occur.  Mul- 

esp«cia'llv\n  ^ multiple  mitoses  are  not  infrequent, 

esp  c ally  m those  tumors  m which  the  cells  are  large  and  round 

le  stroma  consists  of  blood-vessels  and  of  more  or  less  con- 


342  PATHOLOGIC  HISTOLOGY 

noctive  tissue.  It  is  never  very  aliuiuhiiit,  as  so  frequently  hap- 
l)ens  in  cancers,  but  in  some  of  the  tumors  divides  the  cells  into 
masses,  forming  a distinct  alveolar  arrangement.  Ihis  type  of 
growth  is  noticeable  when  the  cells  are  round  or  oval,  rarely  when 
they  approach  a spindle  shape. 

Gross  Characteristics.— The  melanoblastoma  is  a fairly  com- 
mon tumor  of  striking  and  usually  characteristic  gross  appearance. 
It  occurs  most  frequently  in  the  skin,  occasionally  in  the  eye,  and 
verv  rarely  in  connection  with  the  central  nervous  system.  In  the 
tumors  originating  in  the  eye  the  cells  are  usually  spindle-shaped, 
but  cells  of  the  same  form  may  occur  in  melanoblastomas  arising 


Fig.  2.56.— Melanotic  sarcoma  showing  pcrithelial  type  of  growth.  M.  and  W 


in  the  skin.  iVIore  frequently,  however,  the  cells  of  the  tumors 
starting  in  the  skin  are  polymorphous  and  often  exhibit  a well 
marked  alveolar  arrangement.  They  are  believed  to  arise  almost 
always  from  the  pigmented  nevi  occurring  there. 

iMelanoblastomas  form  flat  to  spherical,  often  lobulated, 
masses  and  rnav  attain  a considerable  size,  d he  color  varies  froni 
a light  to  dark  brown  and  sometimes  approaches  an  almost  dead 
black.  It  is  not  always  uniformly  distributed.  Frequently  m 
metastases  brown  and  black  nodules  will  adjoin  others  which 
contain  no  pigment  at  all.  The  consistence  varies  considerably, 
depending  chiefly  on  rate  of  growth. 
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So  far  as  known  tlie  nielanoblastonia  is  always  malift-nant  and 
usually  gives  rise  to  metastases  by  way  of  the  blood  anti  lymj)!! 
streams;  frequently  these  take  place  before  the  original  tumor 
has  reached  any  size  or  aroused  any  alarm. 

The  melanoblastoma  frequentl}'  exhibits  a perithelial  type  of 
grovdh  owing  to  necrosis  of  the  tumor  cells  at  a distance  from  the 
source  of  nutrition  and  the  persistence  of  a sheath  of  them  around 
all  the  blood-vessels.  When  the  necrotic  cells  have  undergone 
liquefaction  and  absorption  the  vessels  with  their  sheaths  of  tumor 
cells  can  be  j^ulled  out  in  threads  like  the  tubules  of  a testicle. 


12.  RHABDOMYOBLASTOMA  (RHABDOMYOMA) 

Definition.  A tumor  of  mesenchymal  or  mesodermal  origin 
of  which  the  cells  tend  to  differentiate  into  striated  cardiac  or 
skeletal  muscle-cells. 


Type  Cells  —The  type  cells  are  of  two  sorts,  the  cardiac 
muscle-cell,  Avhich  is  of  mesenchymal  origin,  and  the  skeletal 
muscle-cell,  which  is  derived  from  the  mesodermal  epithelium 
Both  types  of  cells  are  characterized  by  longitudinal  and  cross 
striations  m their  cytoplasm,  due  to  the  presence  ami  ordcrlv 
airangement  of  contractile  fibrils  composetl  chiefly  of  anisotropic 
and  isotropic  segments.  * ^ 


Cardiac  muscle-cells  are  not  separate  and  distinct  cells  but 
form  a syncytium,  being  united  end  to  end  into  branching  and 
anastomosing  fibers.  The  nuclei  are  round  or  oval,  possess  a 

distinct  chromatin  network,  and  are  situated  in  about  the  middle 
ot  the  hbers. 


bkeletal  muscle-cells  are  long,  multinucleated  cells  known  as 
muscle-fibers  In  the  embryo  the  fibers  are  narrow  and  the  nuclei 
he  between  the  contractile  fibrils;  in  the  adult  the  fibers  are 
thicker  and  the  nuclei  he,  for  the  most  part,  just  beneath  the 


A.  RHABDOMYOBLASTOMA  OF  CARDIAC  MUSCLE-CELL  TYPE 

Histologic  Appearance.— The  tumor  cells  tend  to  differentiate 
nto  striated  muscle-cells  or  fibers  similar  to  those  in  the  heart 
As  a rule,  however,  they  differ  markedly  from  them.  Thev  are 

contain'  elongated,  or  branching 

and  contain  one  to  several  nuclei.  The  cytoiffasm  of  the  cells 

•s  often  coarsely  vacuolated,  a characteristic  which  has  attracted 

uch  attention  in  the  past.  The  contractile  fibrils  in  the  cvW- 

entifeh"‘‘3  r or  even  in  some  cells 

entirely  wantniR.  The  tumor  contains  l.looil-vesscls  a slight 

sa  srrasT  - 
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Fi}>;.  2()0.  Rhabdomyoma  of  heart,  a,  Lonfiitiidinal  fihril.s  and  cross  striations 
both  distinct,  hut  in  h only  cro.ss  striations  evident. 
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Gross  Characteristics. — Tiiis  type  of  rhabdomyolilastoma  is 
very  rare  (only  about  twelve  cases  are  on  record)  and  occurs  only 
in  the  heart.  It  is  always  congenital,  often  multiple,  and  does  not 
infiltrate  or  give  rise  to  metastases.  It  is,  perhaps,  always  as- 


sociated with  abnormalities  of  the  central  nervous  system,  usually 
diffuse  scleroses  of  the  cerebral  cortex.  It  forms  rounded,  firm, 
elastic  tumor  nodules  of  a reddish  gray  color. 

B.  RHABDOMYOBLASTOMA  OF  SKELETAL  MUSCLE-CELL  TYPE 

Histologic  Appearance. — The  tumor  cells  tend  to  differentiate 
into  striated  muscle-cells  or  fibers  of  the  skeletal  type,  but  they 
never  get  beyond  the  embryonic  stage  of  development  with  the 
nuclei  centrally  located  between  the  contractile  fibrils.  In  the 
slowl\'-growing  tumors  fully  developed  muscle-til >ers  of  the  em- 
bryonic type  are  formi'd,  but  in  the  rapidly-growing  ones  the  cells 
are  spindh'-shaped  and  each  contains  a single  nucleus.  Often 
only  a f('W  of  the  cells  are  sufficiently  differentiated  to  jiroduce 
the  contractile  fibrils  which  alone  render  the  true  character  of  the 
tumor  recognizable. 

Gross  Characteristics. — This  type  of  rhabdomyoblastoma  is 
rarely  found  outside  of  the  genito-urinary  tract  (kidney,  testicle, 


f. 


r 


Fig.  2()1. — Rhalxlomyoma  of  lieart.  W. 
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uterus,  urinary  bladder,  j^rostate)  although  it  has  been  rej)orted 
as  occurring  in  the  orbit,  the  wall  of  the  esophagus,  and  elsewhere 
in  the  skeletal  muscles.  It  may  grow  slowly  and  be  benign,  but 
more  commonly  it  grows  rapidly,  infiltrates,  and  gives  rise  to 
metastases.  In  gross  ap])earances  it  resembles  a fibrosarcoma. 


Fig.  262. — Rhabdomyosarcoma  of  testicle.  M. 


Fig.  2()3. — Rhabdomyosarcoma  of  testicle. 


> triated  cells  and  fibrils  of  skelefal  muscle  type  of  tumor 
origin  are  found  not  only  in  rhabdomyoblastomas,  but  even  more 

often,  perhaps,  in  the  mixed  tumors  which  occur  in  the  genito- 
urinary tract.  ^ 
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13.  GLIOBLASTOMA  (GLIOMA) 

Definition. — A tumor  of  ejiiblastic  origin  of  which  the  cells 
tend  to  differentiate  into  neuroglia  cells. 

Type  Cell.— T he  type  cell  is  the  neuroglia  cell.  It  is  charac- 
terized by  the  production  of  only  one  kind  of  fibril,  the  neuroglia 
fibril,  which  can  lie  stained  sharply  and  characteristically  by 
special  staining  methods. 


Fig.  2()4. — (iliorna.  Four  views  from  different  parts  of  the  same  tumor. 


The  normal  neuroglia  cells  are  derived  originally  from  the 
ependymal  cells  lining  the  neural  canal  and  are,  therefore,  epi- 
blastic  in  origin.  The  exact  relation  between  the  ependymal 
cells  and  the  neuroglia  cells  in  jiost-emliryonic  tissue  is  undeter- 
mined. It  is  impossible  to  state  whether  the  ependymal  cells 
))roduce  neuroglia  fibrils  or  not;  those  covering  the  choroid 
plexuses  certainly  do  not,  but  elsewhere  they  seem  to  do  so. 
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^ormal  neuroglia  ca'lLs  vary  coiisideraljl}'  in  size  from  small 
to  large.  In  shape  they  run  from  spherical  to  spindle.  As  a 
rule  the  cytopla.sm  is  small  in  amount. 

The  neuroglia  fibrils  do  not  start  from  the  cell,  but  course  along 
the  surface  of  the  cytoplasm  with  which  they  are  in  intimate 
contact  and  extend  away  from  the  cell  in  two  directions.  Ever}^ 
cell  is  surrounded  l)y  perhaps  one  to  two  dozen  fibrils  of  unde- 
termined length.  Around  the  i^pherical  cells  thev  run  in  all 
directions;  around  the  spindle-shaped  cells  thev  run  ])arallel  to 
the  long  axis  of  each. 

The  neuroglia  cells  and  their  fibrils  form  the  more  abundant 
and  chief  supporting  tissue  of  the  central  nervous  system  Con- 
nective tissue  is  ]wesent  also  in  small  amounts,  for  the  most  part 
along  the  course  of  the  blood-vessels,  but  jilavs  normally,  and 
usually  also  pathologically,  a siiliordinate  role. 


Fig.  2().5.- 


-Glioma  of  brain. 


Large  cell  type, 
many  in  b. 


Few  neuroglia  fibrils  in  a, 


In  inH.-immatory  lesions  of  various  sorts  in  the  central  nervous 
sy.steni  neuroglia  cells  react  much  .as  fibrolihasts  do  in  the  other 
org.ans  and  tissues  of  the  body.  They  often  proliferate,  and  the 
00  s may  enlarge  and  the  cytoplasm  become  abundant.  The 

eoa’rar  tT“  “'8  m.ay  become  verv 

eoar.se.  The  ceils  under  these  conditions  are  sometimes  spokeii 

of  as  spider  cells.  Similar  large  neuroglia  cells  apiiear  in  v.arioiis 
degenerative  lesions  of  the  central  nervous  s,ystem 

Histologic  Structure.-The  cells  of  a glioblastoma  tend  to 
ncurXIi  T fells,  that  is,  into  cells  which  form 

the  rat  Af  "'oC  f 'i i’"  * "8*  <'<;pnnds  much  on 

neurotlh  filfT  ° ‘A  proliferate  slowlv, 

ranidiv  few  ^ may  be  formed  m large  numbers;  if  they  miiltipiv 

Ar  foim  ti”  ””  f r‘'°''“8<-d.  Complete  lack  of 

foimatioii  necessarily  renders  a di.agnosis  doubtful 
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Fig.  2f)(). — Cilioma  over  coccyx.  Cells  arranged  in  Jilveoli  like  a carcinoma. 

Stroma  abundant.  M.  and  \V. 
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Structurally,  a glioblastoma,  or  glioma  as  it  is  more  commonly 
called,  consists  of  masses  of  neuroglia  cells  through  which  runs  a 
delicate  stroma  of  blood-vessels  accomjRanied  b}^  a slight  amount 
of  connective  tissue.  Karely,  the  connective  tissue  is  abundant 
so  that  the  tumor  cells  present  an  alveolar  arrangement  just  as 
they  tlo  in  a carcinoma. 

Ihe  tumor  cells  vary  much  in  size  and  shape.  They  may  be 
large  or  small  and  round,  oval  or  spindle  in  form.  As  a rule  all 
the  cells  of  a given  tumor  are  more  or  less  of  the  same  t}^pe  and 
size.  Ihe  neuroglia  fibrils  also  vary  considerably  in  thickness 


Fig.  2G8.— Glioma  over  coccyx.  Neuroglia  fibrils  abutting  on  stroma  M 

and  W. 


and  in  number.  They  may  be  very  fine  or  decidedlv  coarse  and  few 
in  number  or  very  abundant. 

Cdiomas  grow  at  all  rates  of  speed,  but  the  terms  glioblastoma 
and  glioma  are  apiihed  indiscriminately  to  them  all.  Mitotic 
figures  may  be  very  numerous  and  in  some  instances  multiple  so 
that  large  multimicleati'd  cells  tvhich  are  true  tumor  giant-cells 


" I'icli  tliere  .are  present  gland  and 
e>  st-hke  cavities  lined  witli  ependymal  cells.  The  in  esenee  of  these 
stmetures  suggests  that  these  particular  tumors  at  least  .arose 
irom  some  abnormality  of  the  central  canal,  such  as  displacement 
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of  a group  of  ependymal  cells  in  early  einliryonic  life.  Such 
displacements  are  not  infrequentl}^  lound  when  otherwise  normal 
brains  and  cords  are  systematically  searched  for  them. 

Origin  and  Occurrence. — A glioblastoma  originates  only  from 
neuroglia  cells  or  from  cells  of  the  neural  canal  from  which  they 
are  derived  in  the  first  place.  It  follows  from  this  that  gliomas 
occur  only  within  the  central  nervous  system  and  its  outgrowths, 
and  from  remains  of  the  neural  canal.  These  remains  are  aj)- 
jiarently  found  only  at  the  ends  of  the  canal,  over  the  coccj'x  and 
at  the  base  of  the  nose  where  closure  of  the  canal  takes  place  and 


Fig.  269. — Glioma  of  Imain.  True  tumor  giant-cells  present  clue  to  multiple 

mitoses.  M. 


where  atrophy  and  disappearance  of  the  ependymal  cells  are  often 


incomplete.  . . 

It  is  easy  to  demonstrate  these  remains  of  the  canal  persisting 
in  the  form  of  glands  over  the  coccyx  in  embryos  a few  months  old. 
Probably  the  same  could  be  done  for  the  upper  end  of  the  neural 


canal.  , 

These  persisting  cells  have  inherent  in  them  the  capability  or 

forming  neuroglia  cells  with  their  fibrils.  Occasionally  they  give 
rise  in  both  these  regions  (over  the  coccyx  and  in  the  nose  and 
orbital  sinuses)  to  perfectly  typical  gliomas. 

In  the  lirain  and  cord  the  tumors  may  lie  within  the  solid 
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nervous  tissue  or  j)roject  into  a ventricle.  It  is  possil)le  tliat  they 
may  occur  in  the  eye  because  the  retina  is  an  outgrowth  of  the 
brain  and  contains  neuroglia  tissue,  but  the  tumor  of - the  eye 
commonly  called  a glioma  is  a neuroblastoma.  ' 

MaHgnancy.— Gliomas  are  necessarily  almost  ahvaA^s  danger- 
ous owing  to  their  common  location  in  the  central  nervous  S3^stem. 
In  atldition,  however,  they  are  dangerous  owing  to  their  manner 
of  growth.  They  are  often  sharply  defined,  but  in  other  instances 
a,re  so  intimately  fused  with  the  surrounding  tissue  that  their 
limits  cannot  be  clearly  made  out.  ^^dule  some  of  them  seem  to 
grow  expansively  only,  it  is  prol)al)le  that  they  are  all  infiltrative 
by  nature.  This  is  clearly  shown  in  some  instances  by  invasion 


Fig.  2i0.  Irom  a second  case  of  glioma  over  the  coccyx.  One  alveolus  of 
neuroglia  cells  and  their  fibrils.  M. 

not  only  of  brain  tissue  l)ut  of  the  pia,  and  by  extension  in  one  or 
two  cases  directly  across  the  longitudinal  fissure.  A remarkable 
example  occurred  in  a child,  in  whom  a glioma  of  the  lumbar  en- 
argement  invaded  the  pia  and  then  extended  through  the  meninges 
the  entire  length  of  the  cord  and  over  the  cerebellum  and  cere- 
brum invading  these  structures  at  many  points.  The  tumor  was 
mistaken  at  autopsy  for  an  organizing  meningitis 
23 
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Fig.  271.— Glioma  of  lumbar  cord  extending  up  around  the  cervical  cord 

through  the  meninges.  M.  and  W. 


/.'r- 


Fie  272— Glioma  of  cord  extending  through  meninges  and  invading  cere^ 
^ ■ bcllum.  M.  and  W. 
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Metastasis.  Altliough  glioblastomas  often  show  a marked 
tendency  to  infiltrate  the  tissue  surrounding  them,  they  ajiparently 
do  not  invade  blood-vessels  and  in  that  way  give  rise  to  metas 
tases  m other  parts  of  the  body.  At  least  no  instance  of  a glioma 
ot  the  brain  or  cord  giving  rise  to  metastases  outside  of  the  central 
nervous  system  is  on  record,  so  far  as  known.  On  the  other  hand 
a typical  glioma  over  the  coccyx  in  a woman  of  fortv-two  recurrecl 
alter  removal  and  gave  rise  to  metastases  in  the  Ivmph-nodes  in 
both  groins.  " “ 

Capsule.— The  neuroglia  tissue  surrounding  a glioma,  especially 
when  It  IS  growing  slowly  and  expansively,  often  thickens  up  as  a 
g losis  and  forms  a sort  of  capsule.  Sometimes  this  capsule  is 
\ery  definite  and  easily  distinguishable  from  the  tumor  but  at 
other  times  it  is  difficult  to  tell  tumor  and  gliosis  apart.’  Occa- 
sionally a ghoma  so  closely  resembles  a diffuse  gliosis  that  its 
exact  nature  is  difficult  to  determine. 

Gross  Characteristics.— A glioma  may  be  as  hard  as  a dense 
hbioma  or  as  soft  as  the  most  delicate  sarcoma.  In  size  it  mav 
range  from  a millimeter  to  five  or  six  centimeters  or  more  in  diam- 
eter. The  color  may  be  glistening  white,  gray  and  translucent, 
or  reddish  gray.  The  shape  is  usually  more  or  less  spherical  in 

the  brain,  and  rod-shaped  in  the  cord  OAving  to  confinement  within 
a narrow  canal. 


Retrograde  Changes,  \ffirious  retrograde  changes  are  common 
111  gliomas.  The  most  frequent  is  necrosis  from  ivhich,  b}^  lique- 
faction and  absorption,  cysts  may  be  formed.  Hemorrhage  may 
iring  about  the  same  result  and  is  sometimes  so  extensive  that 
only  a rim  of  tumor  tissue  is  left  at  the  perijiherv,  and  that  may  be 
overlooked  at  examination  unless  the  possibility  of  its  presence 
IS  appreciated.  Necrotic  tissue,  instead  of  undergoing  softening, 
may  become  calcified  and  later  any  fibroblasts  which  are  engaged 
in  organizing  the  necrotic  tissue  may  be  transformed  into  bone 
cells  (ossification). 

In  one  instance  fibrin  formed  in  ependymal-lined  cavities  of 
a ghoma  of  the  cord.  The  fibrin  attracted  the  neighboring  fibro- 
blasts which  organized  the  fibrin.  In  this  way  the  ependymal- 
Imed  cavities  came  to  hold  masses  of  fibrous  tissue. 


14.  NEUROBLASTOMA  (NEUROCYTOMA.  NEUROMA) 

Definition.— A tumor,  of  epibla.stic  origin,  of  which  the  cells 
tend  to  differentiate  into  nerve-cells. 

Type  Cell.  The  type  cell  is  the  nerve-cell.  In  the  central 
nervous  system  and  its  outgrowths,  the  eye,  ear,  and  nose,  and 
in  the  sympathetic  nervous  system,  nerve-cells  occur  in  great 
variety,  differing  much  in  size,  shape,  and  function,  but  all  charac- 
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tcrized  by  one  common  feature,  the  prolongation  of  the  cytoplasm 
at  some  iioint  into  an  axis  cylinder  jirocess  or  nerve-fiber.  The 
cells  of  neuroblastomas  arising  in  different  jiarts  of  the  body  may 
be  expected,  therefore,  to  vary  considerably  in  a]ipearance. 

Histologic  Appearance. — The  cells  of  a neuroblastoma  tend 
to  differentiate  into  nerve-cells  of  the  same  type  as  those  which 
would  have  developed  under  normal  conditions  from  the  cell  giv- 
ing orio-in  to  the  tumor.  The  result  is  considerable  variation  in 
the  histologic  appearance  of  different  examples  of  this  tumor. 

The  tumors  arising  outside  of  the  central  nervous  system 
usually  show  a more  or  less  well  marked  alveolar  arrangement  of 
the  tumor  cells  with  respect  to  the  stroma,  which  is  often  fairly 


Fig.  273. — Neuroblastoma  of  the  adrenal  gland  showing  Inindles  of  nerve  fibrils. 


abundant.  When  the  tumor  growth  is  rapid  the  cells  show  little 
or  no  differentiation  although  they  may  vary  considerably  in  size 
and  shape.  As  a rule,  however,  the  nuclei  are  small,  spherical 
and  ricli  in  cliromatin,  with  little  cytoplasm  around  them.  When 
more  or  less  cell  differentiation  has  occurred,  delicate  fibrils  are 
associated  with  the  cells.  These  fibrils  do  not  give  the  chaiactei- 
istic  reactions  of  neuroglia,  fibroglia,  and  collagen  fibrils,  but  react 
to  the  various  differential  staining  methods  as  nerve-fibrils  do. 

The  filirils  of  the  tumor  cells  are  usually  arranged  in  one  of  two 
ways:  either  ])arallel  to  one  another  in  bundles  or  woven  in  small 
spherical  masses  around  which  are  grouped  the  cell  nuclei.  These 
masses  form  balls  which  on  section  show  a circle  of  nuclei  sur- 
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rounding  a network  of  delicate  fibrils,  an  appearance  to  which 
the  term  rosette  has  sometimes  been  a])])lied. 


Fig.  274.-Xeurohlastonia  of  eye  Cells  on  right  differentiated  and  ai-ranged 
around  small  lamina.  M.  and  W. 


Fig. 


“~'n  of  oyc-  Cdand-like  cavities  formed  where 

cells  have  differentiated  and  attempted  to  produce  rods  and  cones. 


the 


Fd)ril  formation  may  occur  only  in  a few  jdaces  or  not  at  all, 
so  that  the  positive  recognition  of  a tumor  of  this  typt'  may  some- 
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times  be  difficult  or  even  impossible.  In  other  instances  the  fibril 
formation  may  be  abundant  even  in  the  metastases. 

A distinct  and  well  known  variety  of  this  type  of  tumor  occurs 
in  the  retina  where  it  has  usually  incorrectly  been  called  a glioma. 
It  is  always  congenital  and  often  bilateral.  It  destiws  the  eye- 
ball and  may  invade  the  brain.  When  the  tumor  grows  slowly  its 
structure  can  readily  be  made  out.  It  forms  small,  gland-like 
cavities  lined  by  cells  which  produce  more  or  less  perfect  rods  and 
cones.  These  structures  project  through  a limiting  membrane 
just  as  in  the  normal  retina.  From  the  other  end  of  each  cell 
projects  an  axis  cylinder  process.  When  the  cells  proliferate 
rapidly  the  gland-like  cavities  cease  to  be  formed  although  the 

axis  cylinder  processes  may 
still  be.  With  more  rapid 
growth,  cell  differentiation 
ceases  and  the  tumor  passes 
into  that  ill-defined  group,  the 
so-called  small  round- cell 
sarcoma.  Owing  to  necrosis 
and  absorption,  a perithelial 
arrangement  of  the  tumor  cells 
around  the  blood-vessels  is 
frequent. 

Neuroblastomas  originate 
most  commonly  in  the  adre- 
nal glands,  less  often  in  the  brain,  lung,  and  other  organs.  They 
occur  most  often  in  infants  but  occasionally  in  adults.  Those 
arising  in  the  adrenals  are  frequently  congenital  and  bilateral. 

This  type  of  tumor  is  probably  not  so  rare  as  is  usually  sup- 
posed. The  rapidly-growing  forms  are  the  more  important  and 
are  distinctly  malignant,  infiltrating  the  surrounding  tissues  and 
giving  rise  to  numerous  metastases.  Neuroblastomas  containing 
nerve-cells  of  the  large  type  with  dendritic  processes  and  tigroid 
bodies  are  rare. 

15.  EPITHELIOBLASTOMA  (PAPILLOMA.  ADENOMA.  CARCINOMA) 

Introduction. — The  epithelial  new-growths  form  the  largest 
and  most  important  group  of  the  simple  tumors.  The  type  cells 
from  which  they  are  built  up  are  the  epithelial  cells  which  occur 
normally  in  great  variety.  The  different  epithelial  cells  have  no 
one  striking  morphologic  characteristic  which  distinguishes  them 
from  all  other  cells.  In  general  they  cover  surfaces  or  line  cavities, 
but  they  may  grow  in  solid  masses  (pituitary  gland,  adrenal  gland). 

On  the  other  hand,  the  various  epithelial  cells  differ  among 
themselves  in  many  ways.  Some  are  ciliated,  others  contain 


b 


Fig.  276. — a,  Rods  and  cones 
from  the  normal  retina;  b,  rods  and 
cones  formed  in  neuroblastoma  from 
same  eye. 
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charactoristic  granules,  still  others  undergo  peculiar  retrograde 
changes.  These  morphologic  variations  are  not  suri)rising  when 
it  is  lemeinbeied  that  epithelial  cells  arise  from  all  three  embryonic 
layers,  form  a multitude  of  organs  and  tissues,  and  j^erform  a 
great  variety  of  functions. 

1 he  tumors  arising  from  epithelial  cells  have  some  character- 
istics in  common,  but  more  that  are  peculiar  to  the  variety  of 
type  cell  from  which  they  arise.  It  is  necessary,  therefore,  to 
state  the  characteristics  which  are  common  to  all  the  epithelial 
tumors  and  then  to  group  under  each  variety  of  type  cell  all  the 
tumors,  whether  they  are  benign  or  malignant,  which  arise  from  it 
and  study  these  sej^aiate  sub-groups  by  themselves.  In  no  other 
way  is  it  possible  to  obtain  a comi^rehensive  knowledge  of  the 
epithelial  tumors. 

Types  of  Growth.  The  cells  of  epithelial  tumors  cover  surfaces 
or  grow  in  solid  cords  and  masses.  The  surfaces  may  be  elevated 
in  finger-like  processes  or  in  ridges,  or  they  may  be  depressed  in 
pockets  and  folds.  In  these  three  different  wavs  of  growth  the 
epithelial  cells  are  supported  and  nourished  by  a stroma  composed 
of  connective  tissue  and  blood-vessels. 

In  some  tumors  the  epithelial  cells  are  all  arranged  after  a 
single  type  of  growth;  in  others  they  may  grow  in  tw'o  or  even  in 
all  three  of  the  w^a^^s  mentioned. 

Nomenclature. — Various  names  have  been  applied  to  epithelial 
tumors.  These  names  are  based  partly  on  the  histologic  structure 
of  the  tumors,  partly  on  whether  clinically  they  are  benign  or 
malignant.  The  follo\ving  three  terms  are  the  most  important; 
the  first  two  characterize  type  of  growdh;  the  third  malignancy. 

Papilloma. — An  epithelial  tumor  in  wdiich  the  cells  cover 
finger-like  j^rocesses  or  ridges  of  stroma. 

Adenoma. — An  epithelial  tumor  in  wdiich  the  cells  line  gland- 
like depressions  or  cavities  in  the  stroma.  Dilatation  of  the  glands 
of  an  adenoma  by  secretion  leads  to  C3"st  formation. 

Combinations  of  these  tw^o  t.vpes  of  growdh  are  common  (in- 
tracanalicular  papillar\^  adenoma  of  the  lireast,  papillary  adeno- 
cj'stoma  of  the  ovayv).  These  tw'o  terms  are  commonly  restricted 
to  tumors  wdiich  do  not  invade  and  hence  are  not  malignant. 

Carcinoma. — An  epithelial  tumor  wdiich  infiltrates  and  wdiich 
ma\^  give  rise  to  metastases.  It  is  the  term  applied  to  all  epithelial 
tumors  wdiich  pathologically  invade  and  wdiich  clinically  are 
malignant. 

It  is  important  to  realize  that  a carcinoma  may  grow'  in  any  one 
of  the  three  w^ays  described,  as  a papilloma  (penis,  bladder),  as  an 
adenoma  (rectum,  uterus),  or  more  commonly  and  characteris- 
tically with  its  cells  in  solid  cords  and  masses  (carcinoma  of 
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Fig.  277. — Carcinoma  of  breast.  Alveolus  of  epithelial  cells  surrounded  by 

abundant  stroma  of  fibroblasts. 


breast).  Hence  in  a narrow  sense  carcinoma  is  often  used  to 
signify  this  type  of  growth  of  the  tumor  cells  in  solid  masses, 
without  lumen  formation,  as  is  evidenced  by  the  term  adenocar- 
cinoma used  for  a tumor  containing  ciiithelium  grouped  both  in 
gland-form  and  in  solid  masses. 

For  a papilloma  which  infiltrates,  the  term  papillary  carcinoma 
is  often  employed.  For  an  adenoma  which  invades  the  clinical 
term  malignant  adenoma  is  in  common  use;  infiltrating  would  be 
better;  still  liettcr  in  all  these  instances  is  the  simple  term  car- 


cinoma. The  type  of  growth  matters  little;  all  three  types  may 
be  combined  in  one  tumor.  The  one  essential  point  is  the  invasion 
of  the  surrounding  tissue. 

A papilloma  is  to  be  regarded  as  benign  when  it  shows  no 
evidence  of  invasion  and  gives  rise  to  no  metastases. 

An  jidenoma  is  benign  which  grows  exjiansively  only,  without 
invasion  of  the  surrounding  tissue  and  without  formation  of  metas- 
tases. 

Another  way  of  making  these  statements  is  as  follows:  A 
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carcinoma  is  always  malignant;  a imj:>illoma  or  an  adenoma  may 
be;  if  it  is,  it  is  best  then  to  call  it  a carcinoma. 

A non-infiltrating  (benign)  tumor  without  lumen  formation, 
arising  from  epithelium  which  grows  in  solid  masses  (ihtuitary 
gland,  cortex  of  adrenal  gland)  is  usualh^  classed  as  an  adenoma. 

Paihllomas  growing  in  certain  situations  are  always  to  be 
regarded  with  great  suspicion.  This  is  particularly  true  of  the 
urinary  bladder,  for  clinical  experience  favors  the  view  that  in 
the  end  they  are  always  malignant  owing  to  invasion  at  the  base 
of  the  tumor. 


Fig.  278.-Scirrhous  carcinoma  of  breast.  An  alveolus  of  epithelial  cells 
surrounded  by  abundant  stroma.  M.  and  W. 


Stroma.— In  epithelial  tumors  which  grow  above  a surface  or 
expansively  within  an  organ  or  tissue,  the  stroma  is  all  new  formed, 
in  tumors  which  infiltrate  the  stroma  consists  of  the  original 
stroma  of  the  organ,  usually  more  or  less  increased  in  amount. 

he  stroma  of  normal  epithelial  organs  varies  greatly  in  amount, 
it  IS  slight,  for  example,  in  the  liver,  kidney,  and  adrenal  gland.  In 
the  tumors  arising  from  these  organs  the  stroma  is  usually  slight  in 
amount.  In  the  mammary  gland  and  in  the  skin  the  epithelial 
ce  ls  are  subtended  by  a very  large  amount  of  stroma.  In  the 
einthehal  tumors  arising  from  these  structures  the  stroma  is 
sually  very  abundant.  In  the  ordinary  adenomas  of  the  breast 
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it  forms  such  a conspicuous  feature  that  some  pathologists  regard 
these  tumors  as  fibromas  and  others  as  an  example  of  a mixed 
tumor,  an  adenofibroma.  In  carcinomas  of  the  breast  the  stroma 
is  usually  a prominent  feature,  and  on  this  account  the  alveolar 
arrangement  of  the  cells  with  reference  to  the  stroma,  at  least  as 
seen  in  sections,  is  almost  always  conspicuous. 

iNIetastases  from  the  infiltrating  (malignant)  tumors  in  these 
different  regions  lead  to  the  production  of  a stroma  corresponding 
more  or  less  closely  in  amount  to  that  in  the  original  tumor.  Thus, 
a metastasis  of  a cancer  of  the  breast  leads  to  abundant  stroma 
formation  even  in  a tissue  containing  as  little  connective  tissue 
as  the  bone  marrow.  This  matter  of  production  of  more  or  less 
stroma  favors  the  view  that  the  epithelial  cells,  both  in  the  normal 
organs  and  in  the  tumors  arising  from  them,  directly  influence  and 
determine  the  amount  of  the  stroma;  in  other  words,  that  epi- 
thelial cells,  chemically  or  otherwise,  can  cause  proliferation  of 
fibroblasts. 

Papilloma. — The  epithelial  cells  of  a papilloma  may  be  in  the 
form  of  an  epidermis,  of  a stratified  epithelium,  or  of  a single  layer 
which  may  or  may  not  be  ciliated.  The  arrangement  of  the  cells 
depends  on  the  location  of  the  tumor,  that  is,  on  the  nature  of  the 
epithelium  from  which  it  starts. 

A true  pa])illoma  is  a benign  growth,  but  its  recognition  is  not 
easy.  ]\Iany  carcinomas  grow,  especially  at  first,  in  papillary 
form;  for  instance,  in  the  urinary  bladder,  on  the  penis,  and  in  the 
ducts  of  the  mammary  gland.  Papillomatous  formations  may  arise 
as  the  result  of  chronic  irritation  or  stimulation  of  various  sorts 
(verruca,  condyloma  accuminatum,  the  papilliferous  cysts  in  the 
bile  ducts  of  the  ralibit  due  to  the  coccidium  oviforme),  but  they 
are  largely  or  entirely  infectious  in  nature  and  are  not  true  tumors. 

Adenoma. — Adenomas  may  occur  in  many  situations.  1 hey 
are  common  in  the  breast  where  they  are  usually  attended  by  a 
large  amount  of  stroma,  often  have  papillary  projections  into  the 
glands,  and  may  attain  a large  size.  They  arise  also  in  the  mucous 
membrane  of  the  stomach  and  intestine,  and  in  the  kidney,  liver, 
skin,  sebaceous  glands,  thyroid,  etc.  The  true  benign  adenoma 
grows  expansively. 

The  adenomas  in  certain  situations,  as,  for  instance,  in  the 
breast,  are  almost  always  benign,  although  malignant  tumors  may 
occasionally  start  from  them,  thus  a carcinoma  from  the  epithelium, 
a fibrosarcoma  from  the  stroma;  but  adenomas  in  many  othei 
situations,  such  as  the  uterus  or  rectum,  are  always  to  be  regarded 
with  suspicion. 

Some  or  all  of  the  glands  in  an  adenoma  may  be  dilated  into 
cysts.  This  is  the  common  condition  in  the  adenocystoma  of  the 
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ovary.  1 his  tiiinor  is  ordinarily  regarded  as  benign  and  yet  it 
is  open  to  a ceitain  amount  of  susjoicion.  lien  it  eontains  jiaji- 
illary  projections  it  is  generally  regartled  as  more  or  less  malignant, 
that  IS,  as  a carcinoma.  Exjierience  shows  that  those  in  which 
the  cells  are  ciliated  are  es]iecially  jirone  to  infiltrate.  They  may 
give  rise  to  metastases  in  the  jieritoneal  cavity  and  elsewhere. 

Carcinoma.  A carcinoma  is  an  epithelial  new  formation  which 
tentls  to  invade  the  lymiih-spaces  of  the  connective  tissue  ad- 
joining it.  \\  hen  it  starts  it  may  at  first  only  rejilace  the  ejiithe- 


Fig.  279.— Epidermoid  carcinoma.  Epithelial  pearls  in  early  stage  of  forma. 

tion.  i\L 


luni  lining  a duct,  gland  or  surface,  or  grow  between  it  and  the 
connective-tissue  wall  and  usurp  its  nutrition.  At  this  stage  it 
may  resemble  a benign  adenoma  or  jiapilloma  or  grow  in  solid 
ma.sses  m ducts  and  glands.  But  sooner  or  later  it  invades  the 
surrounding  lymph-spaces  between  the  cells,  fibrils  and  blood- 
vessels of  the  normal  stroma.  From  here  it  frequenth'  grows  into 
tne  lympli-vessels,  giving  rise  to  meta.stases  along  the  paths  of 

blood-vessels  and  causes 
secondary  growths  m various  parts  of  the  body. 
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A curcinoiiiii  may  grow  in  any  one  of  several  different  forms  or 
in  various  combinations  of  them;  thus  it  may  grow  with  the  cells 
arranged  in  solid  masses  (carcinoma  simplex),  in  the  form  of 
glands  (malignant  adenoma),  or  in  the  form  of  pajiillary  pro- 
jections (papillary  carcinoma).  Some  of  the  combinations  are 
expressed  in  the  following  terms:  adenocarcinoma,  papillary 

adenocystoma. 

Epidermoid  Carcinoma. — The  epidermoid  carcinoma  forms  one 
special  variety  of  malignant  epithelial  tumors.  It  deserves  sepa- 
rate mention  in  consequence  of  the  characteristic  changes  which 


Fig.  280. — Epidermoid  carcinoma.  Two  cells  just  beginning  1o  midergo  corni- 
fication.  Epithelial  fibrils  still  evident.  M.  and  W. 

its  cells  undergo.  It  is  so  named  because  the  tumor  cells  tend 
to  differentiate  in  the  same  way  that  the  cells  of  the  epidermis  do, 
that  is,  they  tend  to  form  prickle  cells  and  to  undergo  cornification. 
It  is  one  of  the  commonest  forms  of  cancer.  It  occurs  most 
frequently  in  the  skin  (lips,  penis,  etc.),  but  also  in  numerous 
other  situations  where  an  epidermis  is  present  normally,  and 
occasionally  where  it  is  not,  tlius,  in  the  tongue,  pharynx,  larynx, 
esophagus,  cervix  uteri,  urinary  bladder,  gall-bladder,  neck  (from 
remains  of  a branchial  cyst). 

In  an  epidermoid  carcinoma  the  cornified  epithelial  cells  can- 
not, as  a rule,  reach  the  surface.  As  a result  they  are  not  washed 
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off,  as  happens  with  the  eornified  ei)ithelium  of  the  skin,  hut 
gradually  aecuinulate.  New  cells  at  the  j)erij)hery  are  added  to 
the  old  cells  at  the  center.  In  this  way  la}Tred,  often  concentric, 
masses  of  eornified  epithelial  cells  are  formed,  which  are  frequently 
more  or  less  spherical  in  shape  although  they  may  assume  various 
other  forms.  Owing  to  their  striking  appearance  in  stained 
preparations  these  eornified  masses  have  received  the  name  of 
epithelial  pearls.  As  a rule  the  j^earls  are  very  com]:)act,  but 
sometimes  the  cells  forming  them  do  not  contract  and  weld  to- 
gether well. 


Fip;.  2S1. — Carcinoma  of  mammary  gland.  Scirrhous  in  tj^pe  until  it 
invaded  the  lymph-vessels,  where  it  is  growing  rai)idly  and  forming  large  masses 
of  cells.  M. 


Progressive  Changes.— The  rate  of  growth  in  cancer  varies 
greatly,  depending  in  part  at  least  on  the  location  of  the  cells. 
If  they  are  within  lymph-spaces  surrounded  by  much  connective 
tissue  they  may  grow  very  slowly,  often  in  single  rows  of  cells 
(scirrhous  carcinoma).  Rut  once  these  same  cells  obtain  entrance 
to  a lymphatic  vessel  and  receive  j^lentiful  nutrition,  they  multij:)ly 
and  spreafl  raindly.  Frequently  the  two  types  of  growth  can  l)e 
found  side  by  side  in  the  same  tumor. 
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In  other  instances  tlie  tumor  cells  multiply  rapidly.  Mitotic 
figures  may  be  very  numerous  and  often  they  are  multiple.  Oc- 
casionally multinucleated  giant-cells  are  formed  in  this  way,  just 
as  in  other  rapidly-growing  tumors. 

Aletastases  usually  take  place  by  way  of  the  lymph-vessels 
because  cancer  so  commonly  gets  into  them.  Ordinarily  the 
tumor  extends  in  the  direction  of  the  lymph  current,  either  by 
direct  growth  or  in  consequence  of  cells  being  carried  along  by 
the  lymph.  Occasionally,  however,  tlie  tumor  extends  in  the  oppo- 
site direction,  against  the  current,  and  certainly  as  a rule  by  direct 
growth' 


Fig.  282. — Carcinoma  of  mammary  gland.  Extension  of  tumor  through 
a lymphatic  in  fat  tissue.  M.  and  W. 

Metastases  often  occur  also  by  way  of  the  blood,  following 
invasion  of  a vessel  at  some  point  or  other  and  the  formation  of  a 
cancer  thrombus.  Cells  set  free  are  carried  all  over  the  body  and 
in  favorable  locations  cause  secondary  nodules,  especially  in  the 
liver,  lungs,  and  bone  marrow. 

iVIetastases  usually  grow  much  faster  than  the  original  tumor, 
sometimes  very  much  more  ra])idly. 

Cancer  of  the  breast  not  infrequently  invades  the  ducts  and 
grows  beneath  the  lining  epithelium.  Sometimes  it  fills  the  ducts 
completely  and  extends  along  them.  It  also  invades  nerves  and 
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very  commonly  infiltrates  the  underlying  muscle  tissue.  Some- 
times it  seems  to  occupy  the  spaces  formerly  filled  by  the  muscle- 
fibers  themselves. 

The  growdh  of  the  stroma  in  epithelial  tumors,  and  especially 
in  carcinomas,  is  at  times  so  active  that  it  is  not  unusual  to  find 
fibroblasts  in  mitosis.  In  cancers  of  the  breast  the  stroma  often 
seems  to  be  actively  stimulated  in  some  way,  perhaps  chemicall}^, 
by  the  tumor  cells.  The  fibroblasts  proliferate  actively  and 
produce  many  collagen  fibrils.  In  addition,  the  j)roduction  of 
elastic  fibrils  is  also  often  stimulated.  Large  masses  of  fine  and 


Fig.  2S.3.— Carcinoma  of  mammary  glanri  growing  around  and  invading  a 

duct.  Jil.  and  W. 


coarse  fibrils  are  often  formed  around  the  ducts  and  vessels  and 
may  be  visil)le  to  the  naked  eye  on  fresh  section. 

ILirely  a cell  in  the  stroma  of  an  adenoma  or  cancer  may  take 
on  malignant  jn'operties  and  grow  independently,  producing  a 
fibrosarcoma. 

Retrograde  Changes. — Retrograde  changes  are  rare  in  the 

K nign  epithelial  tumors,  but  common  in  those  which  are  malig- 
nant. 

Fat  often  accumulates  in  consequence  of  impaired  metabolism 
m those  cells  of  a cancer  which  are  farthest  from  the  blood  su])i)ly. 
Groups  of  such  cells  present  a white  or  yellowish  white  opaque 
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apiicixnince  on  fresh  section.  Sometimes  the  fat  is  taken  up  hy 
endothelial  leukocytes  which  may  later  accumulate  in  numbers 
in  the  stroma  while  digesting  the  fat.  Necrosis  often  occurs  as  a 
result  of  local  interference  with  the  circulation  within  a tumor,  as 
by  pressure  or  hemorrhage.  Itarely  in  small  areas  all  cells  die 
exce]xt  for  a sheath  of  them  around  the  vessels.  In  this  way  a 
perithelial  arrangement  of  cells  is  produced,  but  is  much  less  com- 
mon than  with  some  other  types  of  tumors. 

In  epidermoid  carcinomas  the  cornified  material  in  the  epi- 
thelial pearls  often  attracts  numliers  of  endothelial  leukocytes. 
Many  of  the  leukocytes  may  fuse  to  form  foreign  l)ody  giant-cells 


Fig.  284. — Epidermoid  carcinoma  of  tongue.  Numerous  endothelial 
leukocytes  attracted  into  it  by  cornified  epithelium.  Many  have  fused  to 
form  foreign  body  giant-cells.  M. 


and  gradually  digest  the  cornified  cells.  Polymorphonuclear 
leukocytes  are  sometimes  attracted  into  the  ejiithelial  ])earls,  but 
this  is  usually  where  they  are  near  an  exposed  surface  and  is  pro- 
bably the  result  of  some  bacterial  infection. 

The  cells  of  some  epithelial  tumors  secrete  mucus,  of  others  a 
mucoid  material.  In  still  other  tumors  many  of  the  e]iithelial 
cells  gradually  undergo  a transformation  into  a hyaline  gelatinous 
substance  (colloid  carcinoma). 

Sometimes  the  stroma  of  some  of  the  epithelial  tumors  be- 
comes markedly  edematous,  so  that  the  collagen  fibrils  are  all 
s(‘parate  and  distinct  and  the  cells  as.sume  more  or  less  of  a stellate 
appearance.  The  presence  of  mucus  is  often  strongly  suggested 
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by  tlie  staining-  roactioii.  luloma  is  fiaTjuent  in  adenomas  of  the 
bnaist,  and  in  eertain  tumors  of  th(‘  skin,  probably  derived  from 
the  coil  glands. 


Epithelial  Tumors  of  the  Skin 

In  order  to  understand  the  different  epithelial  tumors  of  the 
skin  it  is  important  to  bear  in  mind  that  four  different  e])ithelial 
structures  are  present  in  it: 

1.  The  covering  epidermis. 

2.  The  hair  matrix,  folliele,  and  shaft. 

8.  The  sebaceous  gland. 

4.  The  coil  gland,  and  its  amplified  derivative. 

5.  The  mammary  gland. 

The  ejiithelial  cells  of  each  one  of  these  structures  have  their 
own  peculiar  form  of  differentiation.  Hence  the  epithelial  tumors 
arising  from  them  tend  likewise  to  differentiate  in  the  same  four 
ways.  The  tumors  will  accordingly  be  taken  up  under  these 
separate  headings. 


I.  EPIDERMIS 

The  cells  of  the  epidermis  are  characterized  by  the  forma- 
tion of  numerous  short  fibriLs,  which  bind  the  cells  together 
and  are  known  as  intercellular  bridges.  Longer  fibrils  are  some- 
times present  which  are  known  as  e]ffthelial  fibrils.  The  exact 
ri'lation  of  the.se  two  kinds  of  fibrils  to  each  other  and  to  the  cell 
is  not  fully  determined.  They  seem  to  be  due,  for  the  most  jiart 
at  least,  to  a differentiation  of  the  cuticle  of  the  cell,  and  not  to 
be  an  intercellular  substance.  The  cells  of  the  ejiidermis  are 
further  characterized  by  retrograde  changes  involving  the  for- 
mation of  eleidin  and  keratohyalin  and  ending  in  cornification. 
In  tumors  derived  from  epidermis  the  cells  tend  to  undergo  these 
same  changes  and  the  resulting  cornified  epithelial  cells  collecting 
m masses  are  termed  e])ithelial  pearls.  The  mitoses  occur 
entirely  in  cells  corresponding  in  development  to  the  lowest 
layer,  the  rete  iMalpighii;  but  evim  in  this  layer  the  surface  of  the 
cells  usually  shows  the  characteristic  surface  fibrilation  which 
becomes  more  prominent  in  the  prickle  cell  layer. 

Papilloma. — The  true  benign  papilloma  is  not  very  common. 
It  must  not  be  confused  with  the  common  hard  wart,  verruca, 
which  is  often  multiple,  and  is  probably  infectious  because  there 
IS  good  evidence  that  it  is  communicalile;  or  with  condyloma 
acuminatum  which  occurs  frequently  on  the  genitals  and  in  that 
neighborhood. 

Li  a paiiilloma  the  cornified  cells  buried  deeji  between  the 
pa]iillffi  often  cannot  escape  but  instead  accumulate  and  form 
24 
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Fifi.  2S"). — Xornml  epidonnis.  Epithelial  fibrils  are  formed  even  by  the  cells 

in  the  lowest  layer.  M. 


Fig.  281). — Epidermoid  carcinoma.  Xumerons  i)earls  present,  owing  to  slow 
growth  of  tumor  and  marked  differentiation  of  cells.  M. 


TUMORS 


371 


epitholial  j^earls  just  as  in  an  epidermoid  eareinoma.  The  im- 
portant i)oint  to  hear  in  mind  is  that  an  eihtlielial  pearl  does  not 
assert  anything  with  regard  to  malignancy,  although  often  associ- 
ated with  that  condition. 

The  epidermoid  carcinoma  has  already  been  described  in  part 
histologically.  It  only  remains  to  add  certain  additional  features. 
Occasionally  the  epithelial  fibrils  are  much  more  numerous  and 
a])parently  also  longer  than  in  the  normal  epidermis. 

When  an  ei)idermoid  carcinoma  starts  in  the  skin  there  usually 
occurs  a marked  inflammatory  reaction  in  the  underlying  corium. 
The  fibroblasts  proliferate  actively  so  that  mitotic  figures  are  not 
infrequently  found  in  them,  and  a marked  infiltration  with  lympho- 
cytes takes  place. 

Sometimes  an  epidermoid  carcinoma  grows  so  rapidly  that 
little  differentiation  of  the  cells  occurs*  there  is  no  time  for  it. 
In  other  instances  the  tumor  consists  largely  of  cornified  epi- 
thelium; there  is  little  in  the  way  of  actively  proliferating  cells. 

All  proliferation  of  an  epidermoid  carcinoma  starts  from  the 
lowest  layer  of  cells,  the  rete  Alalpighii,  and  occurs  in  cells  of 
that  undifferentiated  stage.  The  idea  Avhich  has  been  advanced, 
and  which  has  obtained  wide  notoriety,  that  a carcinoma  starting 
from  the  rete  Malpighii  does  not  undergo  cornification  is  absurd, 
ddiere  are  better  explanations  for  the  origin  of  the  tumor  to  which 
the  term  carcinoma  basocellulare  has  been  applied. 

I he  gross  appearances  of  an  epidermoid  carcinoma  vary 
greatly.  At  its  inception  it  may  present  only  a small  nodule  of 
thickening  and  induration.  As  it  enlarges  its  surface  may  show 
numerous  short  projections  so  that  it  resembles  a verruca.  Later 
it  may  ulcerate;  the  surface  maybe  eroded  while  the  edges  re- 
main elevated  and  indurated.  It  may  be  confused  with  hard 
chancre.  The  latter  has  been  excised  more  than  once  for  an 
epidermoid  carcinoma,  to  the  later  surprise  and  chagrin  of  the 
surgeon. 

Metastases  to  the  regional  lymph-nodes  commonly  occur  and 
often  at  an  early  .stage  of  the  lesion. 

2.  HAIR  MATRIX 

The  cells  which  arise  from  a hair  matrix  and  form  the  hair 
and  its  sheath  do  not  differentiate,  except  to  a slight  degree,  in 
the  vay  that  the  cells  of  the  epidermis  do.  The  hair  is  composed 
of  cells  which  develop  large  numbers  of  delicate  fibrils.  These 
filirils  bind  the  cells  closely  together.  The  cells  of  the  sheath,  on 
the  other  hand,  undergo  cornification  to  a slight  extent. 

Carcinoma. — Tumors  arise  not  infrequently  from  hair  matrices; 
the  cells  composing  them  tend  to  differentiate  in  the  same  way  as 


PATHOT.Or.lC  HISTOLOGY 


Fig.  288. — Hair  matrix  carr-inoma  forming  connoctions  will)  opidormis.  M. 
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do  the  cells  normally  arising  from  tliese  structures.  The  cells 
ma}'  occur  as  large  masses  of  sj)indle-shaped  cells  running  in 
bundles  so  that  seen  by  themselves  they  suggest  a spiiulle-cell 
sarcoma:  they  also  occur  in  broad  and  narrow  connecting  bands. 
The  cells  are  characterized  by  their  cubical,  cylindric  or  spindle 
shape,  their  small  amount  of  cytojilasm,  and  their  intimate  relation 
to  each  other.  In  addition  they  frequent I3"  produce  numerous 
long  fine  and  coarse  fibrils  running  in  the  direction  of  the  long  axis 
of  the  cells.  Harely,  there  is  a hint  of  the  formation  of  intercellular 
bridges  and  small  epithelial  pearls  are  occasionally  present. 


a 


b 


c 


Fig.  289. — Hair 
fetu.s 


matrix  carcinoma,  a,  Cells  and  fibrils  in  normal  hair  shaft  in 
; h,  c,  cells  and  fibrils  from  hair  matrix  carcinoma. 


The  tumor  in  question  usually  grows  slowly:  it  may  spread 
widely  in  the  corium  and  form  connection  vith  the  overlying  e])i- 
dermis  at  many  jtoints.  It  rarely  invades  the  deeper  tissues  or 
gives  rise  to  metastases.  While  locally  destructive  it  can  hardly 
be  considered  clinically  very  malignant.  It  is  usually  but  not 
always  the  lesion  whieh  is  known  clinically  to  the  dermatologists 
as  rodent  ulcer.  It  has  been  very  unfortunately  named  and  elabo- 
rately classified  into  numerous  varieties  by  Krompecher  on  the 
theory  that  it  is  derived  only  from  the  rete  Malpighii  of  the  epi- 
dermis and  that,  therefore,  the  cells  do  not  undergo  the  usual 
transformation  into  prickle  cells  and  cornified  epithelium. 
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3.  SEBACEOUS  GLAND 

The  basal  cells  of  sebaceous  glands  gradually  accuiiiulate  fat 
in  the  form  of  small  droplets  in  the  cytoplasm  which  in  this  way 
becomes  distended.  The  nucleus  is  gradually  comjiressed  and 
finally  the  cell  is  desquamated.  The  cells  of  a sebaceous  gland 
may  be  said  to  be  sharply  characterized,  although  they  undergo 
no  differentiation. 

Tumors  of  the  characteristics  of  the  sebaceous  gland  are  rare. 
The  example  pictured  is  from  an  adenocystoma  definitely  encap- 
sulated and  larger  than  one’s  fist  removed  from  a man’s  neck. 


Fig.  290. — Adenocystoma  of  sebaceous  gland  origin.  M. 


The  changes  in  the  cells  are  perfectly  characteristic.  The  numer- 
ous cysts  present  were  filled  with  clear  oil  which  on  cooling  and 
solidifying  was  of  the  color  and  consistence  of  butter. 

Cancers  arising  from  sebaceous  glands  are  said  to  be  of  frequent 
occurrence  in  some  animals. 


4.  COIL  GLAND 

The  coil  glands  are  lined  by  a single  layer  of  cubical  to  columnar 
epithelial  cells  outside  of  which  is  a thin  layer  of  slender  rod- 
shaped fibrillatf'd  cells  of  epithelial  origin  running  longitudinally. 
These  two  layers  of  cells  characterize  the  coil  gland. 
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Adeiioiiias  and  adenocystomas  of  small  size  are  sometimes 
derived  from  the  coil  gland;  possibly  also  certain  forms  of  cancer. 
It  is  not  easy  to  say  positivel.y,  because  the  characteristic  fibri Hated 
cells  are  not  iiroduced  in  malignant  tumors. 


Fig.  291. — Adenocystoma  of  coil  gland  origin.  M. 


5.  THE  MAMMARY  GLAND 

The  mammary  ducts  and  glands  are  composed  histologically 
of  the  same  elements  as  the  coil  glands.  They  are  lined  with 
epithelial  cells  backed  by  a layer  of  slender  fil)rillated  cells.  These 
cells  are  usually  called  smooth  muscle-cells,  although  of  epithelial 
origin,  and  probal)!}"  possess  the  power  of  contraction.  In  all 
benign  epithelial  tumors  of  the  breast,  both  adenomas  and  paj)- 
illomas,  the  epithelial  cells  lining  the  glands,  cysts  and  ]tapillaj 
are  backed  by  these  same  fibrillated  cells;  but  when  the  ejtithelial 
cells  begin  to  proliferate  in  masses  within  the  ducts  there  is  no 
corresponding  proliferation  of  the  long  cells.  In  like  manner  when 
the  epithelial  cells  invade  the  stroma  they  are  not  accompanied 
by  these  characteristic  cells.  However,  the  epithelial  fibrils  oc- 
curring in  cancers  of  the  breast  may  owe  their  origin  to  these  cells. 
It  is  fair  to  state,  therefore,  that  there  is  not  any  striking 
peculiarity  I)y  which  the  cells  of  a carcinoma  starting  in  the  breast 
can  be  positively  identified. 
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J^eveml  varieties  of  epithelial  tumors  arise  in  the  breast.  Some 
are  distinctly  benign,  while  others  apparently  from  the  beginning 
tend  to  invade  and  to  give  rise  to  metastases.  Still  others  are 


Fig.  202. — (’arcinoina  of  l)rcast.  Epithelial  fibrils  within  an  alvc'olu.s. 


Fig.  208. — Adenoma  of  mammary  gland.  M.  and  W. 


on  the  border  line.  They  start  like  benign  growths  but  are  open 
to  suspicion.  Sooner  or  later  they  are  almost  sure  to  take  on 
malignant  properties  and  invade  the  surrounding  stroma. 
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Epithelial  tumors  of  the  breast  are  very  common.  On  this 
account  ami  owing  to  the  variety  of  them,  they  have  been  more 
studied  than  the  new-growths  from  almost  any  other  organ  or 
tissue  in  the  bod3^ 

Adenoma. — The  adenomas  vary  considerabl}^  in  histologic 
ajipearance.  In  some  the  glands  are  numerous  and  closely 
packed  together;  the  stroma  is  moderate  in  amount.  In  others 
the  stroma  is  very  abundant  and  much  the  more  prominent 
feature.  All  gradations  between  these  two  extremes  occur. 


Fig.  294. — Adenoma  of  mammary  gland,  growing  in  intraeanalicular  papillary 

form.  M.  and  W. 


In  some  adenomas  papillarv  projections  extend  into  the  gland 
lumina  and  distend  them.  The  projections  may  l)e  few  in  number 
or  form  a large  ]:»art  of  the  tumor.  On  section  of  one  of  these 
tuinors  in  the  fresh  state  the  dilated  glands  and  the  ]:)apillary 
j)rojections  into  them  are  often  easil^^  demonstrable  by  expand- 
ing the  cut  surface. 

The  adenoma  is  a common  tumor  of  the  breast  in  females 
between  the  ages  of  fifteen  and  forty-five  3^ears  and  occurs  oc- 
casionall3^  also  in  males.  It  grows  ex]oansivel3%  is  usuall3^  more 
or  less  spherical  in  shape,  is  encapsvdated  and  may  attain  a large 
size.  Sometimes  it  is  multii)le. 

The  stroma  varies  considerabl3!^  in  appearance.  It  may  be 
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Fig.  295. — Epithelial  tumor  in  ducts  of  mammary  gland;  is  growing  in 
papillary  and  gland  form  and  in  solid  masses;  has  not  yet  invaded  the  normal 
•stroma  at  any  point,  hence  is  in  the  pre-cancerous  stage.  M. 


Fig.  290.— Mammary  gland.  Chronic  mastitis.  Proliferation  of  the 
epithelium  in  some  of  the  glands;  papillary  rna.sscs  of  it  project  into  the 
lumina.  M. 
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dense  and  fibrous,  edematous,  or  composed  of  mucous  connective 
tissue,  and  occasionally  is  quite  cellular  so  that  it  suggests  a fibro- 
sarcoma. 

Papilloma. — Papillomas  occur  in  the  ducts  of  the  mammary 
gland,  especially  near  the  nipple.  They  ma}'  dilate  the  duct  so 
as  to  form  a papilliferous  cyst  of  considerable  size.  Usually  they 
grow  slowly,  but  occasionally  with  much  rapidity.  They  are 
always  to  be  regarded  with  more  suspicion  than  the  adenomas. 
Sometimes  the  epithelium  grows  into  many  of  the  ducts  and 
glands  and  finally  extends  out  into  the  surrounding  connective 
tissue,  showing  that  the  tumor  was  from  the  beginning  a carcinoma. 


Fig.  297. — Epithelial  tumor  in  duct  of  mammary  gland;  i.s  growing  in  papillary 
and  gland  form  and  in  solid  ma.sses.  M. 


Carcinoma. — It  is  a common  experience  to  find  in  Itreasts 
removed  for  chronic  mastitis  small  areas  where  the  epithelium 
lining  one  or  more  glands  or  ducts  is  different  in  type  from  that 
occurring  elsewhere.  The  cells  are  large  and  often  form  small 
projections  into  the  lumen.  Sometimes  they  fill  the  lumen  com- 
pletely. (3ccasionally  these  cells  spread  along  ducts  and  glands, 
either  replacing  the  lining  epithelium  or  growing  between  it  and 
the  lining  layer  of  elongated  cells.  In  one  instance  practically 
every  duct  and  gland  in  the  breast  was  filled  and  often  distended 
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Fig.  298. — Carcinoma  of  mammary  gland.  Papillary  adenomatous  type  of 

growth.  M.  and  W. 


Fig.  299. — Carcinoma  of  breast.  Fxce.ssive  production  of  elastic  tissue 

around  duct.  M.  ami  \V. 
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with  cells  in  this  way.  Yet  at  no  point  had  the  cells  invaded  the 
adjoining  stroma  outside. 

All  these  contlitions  are  to  be  regarded  with  great  susiiicion; 
they  show  a marked  tendency  on  the  part  of  the  ei)ithelium  to- 
wards malignancy.  The  condition  has  sometimes  been  called 
the  pre-canceroiis  stage.  Whether  all  cancers  of  the  breast  start 
in  this  way  or  not  cannot  be  stated. 

Cancers  of  the  breast  grow  most  often  with  the  cells  packed 
in  solid  masses,  which  in  sections  appear  to  be  arranged  in  alveoli, 
but  are  really  all  more  or  less  intimately  connected  together.  The 


Fig.  300. — -Carcinoma  of  mammary  gland.  Medullary  type  of  growth. 

Slight  tendency  to  the  formation  of  gland  lumina.  M. 

cell  masses  may  Ite  large  or  small  and  surrounded  by  little  or  much 
stroma. 

Sometimes  the  cells  of  a cancer  are  arranged  in  gland  form  and 
still  less  often  the  glands  are  somewhat  dilated  and  have  small 
papillary  projections  into  them. 

Occasionally  the  cells  of  a cancer  of  the  breast  may  in  part  at 
least  produce  hyaline  material  in  the  ctdoplasm  anti  thus  form 
what  is  known  as  colloid  carcinoma. 

The  stroma  varies  greatly  in  character,  often  within  the  same 
cancer.  In  some  places  it  is  den.se  and  hyaline;  in  other  places 
actively  growing  and  very  cellular.  The  reason  for  the  differences 
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Fif?.  301. — Scirrhous  carcinoma  of  i)reast.  Alveoli  of  epithelial  cells  small: 

stroma  abundant.  M. 
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is  not  evident.  Frequently  the  elastic  tissue,  especially  around 
the  ])lood-vessels,  is  greatly  increased  in  amount.  It  would  seem 
as  if  some  chemical  substance  from  the  ej^ithelium  of  the  cancer 
frequently  exerted  a stimulating  effect  on  the  fibroblasts  of  the 
stroma.  The  methyl-violet  stain  for  am^doid  often  gives  a strong 
positive  reaction  with  parts  of  the  stroma,  suggesting  an  abnormal 
product  of  some  of  the  fibroblasts. 


Fig.  303.  Carcinoma  invading  fat  ti.ssue,  destroying  fat-cells,  and  apparently 

utilizing  the  fat  as  nutrition.  M. 

Carcinoma  of  the  l)rea.st  occurs  most  commonly  in  the  fourth 
and  fifth  decades.  It  may  grow  rapidly  and  form  a large,  more 
01  less  soft  tumor  mass  (medullary  cancer),  or  grow  slowly  and 
form  a small  dense  nodule  (scirrhous  cancer).  All  possible  inter- 
mediate gradations  are  found.  The  tumor  may  Ite  fairh^  discrete 
and  sharply  limited  or  spread  diffusel}'.  It  may  invade  and  thicken 
the  overl3ung  skin  or  extend  to  the  underhung  pectoral  muscles,  or 
to  the  surrounding  fat  tissue.  Metastases  to  the  axillar\^  l,vm))h- 
nodes  usually  occur  fairh'  earl}'. 

Cancer  of  the  nipple  is  rare.  It  may  start  from  the  cylindric 
epithelium  deej)  in  a duct  or  from  the  .squamous  eiiithelium  near 
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its  mouth.  In  one  instmice  a cylindrie  cell  carcinoma  of  the  duet, 
not  over  one  centimeter  in  diameter,  liad  given  rise  to  metastases 
in  the  axillary  lymph-nodes. 

Ejiidermoid  cancer  of  the  duct  tends  to  invade  and  replace 
the  e]udermis  around  the  niiijile,  thereby  causing  a peculiar 
clinical  picture  which  has  received  the  name  of  Paget’s  disease  of 
the  breast. 


Fig.  304. — Epidermoid  carcinoma  of  duct  of  mammary  gland  invading  and 
growing  in  epidermis  of  nipple  (Paget’s  disease  of  the  breast.)  M. 


The  Enamel  Organ 

The  cells  of  the  enamel  organ  are  of  epiblastic  origin,  but  do 
not  undergo  cornification.  The  cells  of  the  outer  layer  are  cuboidal 
in  shape,  those  of  the  inner  cylindrie.  The  cells  between  these 
two  layers  form  the  enamel  pul]),  and  correspond  to  the  ])rickle 
cells  of  the  epidermis:  they  become  more  or  less  se])arated  from 
each  other  by  vacuolization,  but  remain  connected  by  cell  jirocesses 
so  that  they  resemble  to  some  extent  mucous  connective-tissue 
cells.  The  nuclei  in  the  cylindrie  cells  of  the  inner  layer  are 
situati'd  away  from  the  underlying  connective  tissue  instead  of 
close  to  it,  as  is  usual  in  most  other  e])ith(4ial  lined  !=;urfaces.  It  is 
these;  cylindrie  cedis  which  lead  te>  the  feirmation  ol  enamel,  and 
hence  are  kneiwn  as  aelamant oblasts. 
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The  dentin  is  formed  l)y  specialized  fibroblasts  known  as 
odontoblasts.  Still  other  fibroblasts  form  a periosteum  and 
dej)osit  a layer  of  true  bone  called  cementum  outsitle  of  the  dentin. 

The  cells  of  tumors  which  arise  from  adamantoblasts  tend  to 
differentiate  in  the  same  way  as  the  normal  adamantoblasts  do 
and  they  also  tend  to  produce  the  effect  of  the  normal  cells  on  the 
adjoining  fibroblasts,  that  is,  they  sometimes  convert  them  into 
odontoblasts. 

Ihree  types  of  tumors  are  recognized  as  arising  from  the 
enamel  organ. 


Fig.  30.5.— Enamel  organ  from  fetus.  Pulp  cells  of  epithelial  origin  in 
Se  sTroma  ^ M ^ adamantoblasts  on  the  right  are  situated  away  from 


1.  The  follicular  cyst  is  the  simplest.  It  consists  of  a cyst 
lined  with  pavement  eitithelium.  The  inner  Avail  of  the  cyst 
often  bears  a single,  rarely  several  to  many  teeth. 

2.  The  adamantinoma  groAvs  as  branching  masses  of  epi- 
thelial cells  of  Avhich  those  adjoining  the  stroma  correspond  to 
adamantoblasts  Avhile  the  others  form  the  enamel  jauIji.  Cvsts 
often  form  oAving  to  distension  and  coalescence  of  the  vacuoles 
ying  between  the  cells  corresponding  to  those  in  the  enamel 
pulp.  Other  cysts  Avhich  may  be  more  numerous  and  larger 
often  occur  m the  connective  tissue  of  the  stroma  as  the  re.sult  of 
ocal  collections  of  fluid.  Blood-A^essels  Avill  alAA'ays  be  found 

running  through  this  second  form  of  cyst.  Rarclv  the  cells  cor- 
25 
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responding  to  those  in  tlie  enamel  pulj)  assume  a concentric  arrange- 
ment and  suggest  or  may  even  form  definite  epithelial  pearls. 


Fig.  306. — Adamantoblastoina.  Cyst  forming  between  tlie  pulp  cells.  M. 


Fig.  307. — Adamantoblastoma.  (^ysts  forming  in  stroma  around  blood- 
ve.s.sels.  The  nuclei  in  the  epithelial  cells  are  situated  away  from  the  stroma 
and  hence  from  the  cysts.  iVI. 


This  result  is  not  surprising  considering  the  origin  of  the  enamel 
organ. 
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The  adamantinoma  grows  expansively  only  and  produces  no 
metastases.  Owing  to  its  location  and  the  size  it  sometimes 
reaches  it  may  cause  clinically  much  local  disturbance. 

3.  Occasionally  the  adamantinoma  produces  t}"pical  enamel. 
More  often  it  converts  adjoining  fibroblasts  into  odontoblasts. 
When  this  happens  separate  teeth  or  fused  masses  of  them 
(odontoblastoma)  of  various  sizes  may  be  produced.  Cemcntum 
may  also  sometimes  be  formed. 

Epithelial  Tumors  of  the  Gastro-intestinal  Tract 

Esophagus,  ihe  esophagus  is  lined  with  stratified  ])avement 
epithelium  and  is  furnished  with  two  varieties  of  glands,  neitlicr 
of  which  is  particularly  characteristic.  Epithelial  tumors  may 
be  derived  from  the  surface  epithelium  or  from  that  of  the  glands. 

Adenomas  and  papillomas,  the  latter  occasionally  multijile, 
have  been  reported  but  are  rare. 

Carcinoma  is  much  more  common.  As  a rule  it  is  of  the 
epidermoid  type,  but  malignant  adenomas  sometimes  also  occur. 
Combinations  of  the  two  types  have  been  reported;  also  very 
rarely  carcinomas  with  ciliated  cells. 

Stomach,  d he  glands  of  the  stomach  are  characterized  by 
the  presence  of  acidophilic  parietal  cells  in  varying  numbers.  In 
addition  theie  are  two  other  varieties  of  epithelial  cells;  one  kind 
in  the  body  of  the  gland  contains  relatively  large  zymogen  granules, 
the  other  kind  in  the  neck  of  the  gland  secretes  mucus.  In  the 
epithelial  tumors  arising  from  the  stomach  the  acidophilic  parietal 
cells  and  the  cells  containing  zymogen  granules  apparently  do  not 
appear. 

Adenoma  sometimes  occurs;  it  forms  a polypoid  mass  and 
may  be  multiple.  It  is  always  to  be  regarded  with  suspicion. 

Carcinoma  of  the  stomach  may  grow  in  gland  form  (malignant 
adenoma),  but  the  cells  more  often  occur  in  solid  masses.  The 
cells  of  either  type  of  growth  may  undergo  a hyaline  change  so 
that  the  tumor  is  variously  called  hyaline,  mucous,  gelatinous  or 
colloid  carcinoma. 

The  gross  appearances  of  cancer  of  the  stomach  vary  greatly. 
If  the  tumor  grows  rapidly  (medullary  carcinoma),  it  may  form  a 
large,  soft,  cauliflower-like  mass  which  histologically  is  usually 

of  the  gland  type.  Necrosis  may  lead  to  more  or  less  extensive 
ulceration. 

• tumor  grows  slowly  (scirrhous  carcinoma)  it  tends  to 

infiltrate  the  wall  of  the  stomach  widely,  occasionally  involving 
its  entire  extent.  The  surface  is  almost  invariably  ulcerated. 
Histologically  the  cells  are  grouped  in  .small  solid  masses. 

The  colloid  cancer  is  usually  scirrhous  in  its  type  of  growth 
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and  tends  to  infiltrate  extensively.  Rarely  it  may  lead  to  marked 
uniform  thickening  and  hyaline  transformation  of  the  entire 
stomach  wall. 

Rarer  forms  of  cancer  of  the  stomach  are  the  epidermoid  and 
the  ciliated. 

Intestine. — The  epithelial  cells  lining  the  intestinal  tract  are 
of  the  tall  columnar  type.  They  are  all  ca])al)le  of  being  trans- 
formed into  goblet  cells  by  the  production  of  mucus.  At  the  l)ottom 
of  the  crypts  of  Lieberklihn  in  the  small  intestine  the  cells  often 
contain  numerous  zymogen  granules.  The  cells  of  Brunner’s 
glands  in  the  duodenum  secrete  mucus. 

Adenomas  of  the  intestine  occur  in  the  form  of  polypi  of  which 
the  surface  may  be  smooth  or  ])a])illary.  They  are  often  elevated, 
each  on  a slender  stalk  which  may  reach  a length  of  a centimeter 
or  more.  The  polypi  are  often  multiple  and  occasionally  very 
numerous,  especially  in  the  large  intestine.  As  a rule,  tlie  epi- 
thelium lining  them  is  of  a different  character  from  that  ju’esent 
elsewhere  in  the  intestinal  tract.  Tlie  significance  of  these  polypi 
is  in  dispute.  They  may  belong  among  the  malformations.  Cer- 
tain it  is  that  cancer  may,  at  least  occasionally,  arise  from  them. 

It  is  even  more  difficult  to  decide  the  exact  nature  of  certain 
small  tumor-like  collections  of  epithelial  cells  occurring  occasion- 
ally in  the  apixmdix,  but  also  more  rarely  in  the  small  intestine. 
They  resemble  a carcinoma  in  structure  and  are  found  most 
often  in  young  j)eo])le.  The  cells  are  small,  are  grouped  in 
gland  form  or  in  solid  masses,  and  may  occur  not  only  in  the 
mucosa  but  also  in  the  muscle  coats  and  subperitoneally.  In  the 
appendix  they  often  look  as  if  they  had  startl'd  from  the  mucosa 
and  more  or  less  com]:)letely  destroyed  it,  and  then  infiltrated  the 
surrounding  muscle  and  fibrous  tissue.  On  the  other  hand  they 
show  little  or  no  activity  of  growth  and  there  is  no  evidence  of 
reaction  on  the  part  of  the  tissue  around  them.  They  are  regarded 
by  some  as  a local  tissue  abnormality  comparable  to  the  congenital 
nevi  of  the  skin. 

True  cancers  occur  most  often  in  the  rectum;  less  commonly 
in  the  ileocecal  region,  in  the  duodenum,  and  elsewhere.  They 
are  of  much  the  same  character  as  those  found  in  the  stomach. 
The  malignant  adenoma  and  the  adenocarcinoma  are  the  most 
frequent,  but  colloid  and  scirrhous  forms  also  occur.  They  often 
completely  encircle  the  intestinal  wall,  thus  presenting  an  annular 
form,  and  may  lead  to  complete  stenosis  of  the  lumen.  Some- 
times they  extend  directly  to  the  surrounding  organs,  especially 
in  the  pelvis.  Metastases  are  frequent,  most  often  to  the  liver 
where  they  may  cause  great  enlargement  (over  fifteen  kilos  in 
one  instance). 
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Carcinoma  of  the  pa])illa  of  the  common  bile  duct  occurs 
occasionally  and  is  clinically  of  great  importance,  although  it  may 
not  exceed  one  centimeter  in  diameter,  because  it  usuall}^  leads  to 
comidete  bile  stasis. 

Liver. — Two  different  types  of  epithelium  occur  in  the  liver; 
the  liver  cells  and  the  bile  duct  epithelium. 

The  liver  cells  are  characterized  by  their  size  and  shape,  by 
the  secretion  of  bile,  and  by  their  arrangement  in  cords  or  trabec- 
ulae around  minute  canals,  the  bile  capillaries. 

The  bile  ducts  are  lined  b}"  low  and  high  columnar  epithelial 
cells  which  are  not  in  any  way  peculiar. 


Fig.  308. — Liver.  Liver-cell  carcinoma  on  right.  One  mitotic  figure 

present.  M. 


Adenoma.  Two  different  types  of  adenomas  occur  in  the 
liver,  derived  from  the  two  different  kinds  of  epithelial  cells. 

I he  liver  cell  adenoma  is  the  more  common  of  the  two.  It  is 
sometimes  more  easily  recognized  by  the  naked  eye  than  micro- 
scopically, and  may  be  difficult  to  distinguish  from  the  local 
hyperplasia  of  liver  cells  which  sometimes  occur  in  chronic  in- 
flammatory processes.  In  a true  liver  cell  adenoma  bile  ducts 
are  not  present.  The  tumor  grows  ex]:>ansively  and  exerts  pres- 
sure on  the  surrounding  cells  .so  that  they  are  flattened.  The 
-structure  of  the  liver  cells  and  especially  the  formation  of  bile 
capillaries  and  the  .secretion  of  bile  positively  identify  the  nature 
of  the  new-growth. 
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Bile  duct  adenomas  are  less  coiiiiiion  and  have  no  particular 
characteristics  lieyond  forming  a mass  of  glands  and  ducts  more 
or  less  closely  resembling  bile  ducts. 

A third  kind  of  adenoma  sometimes  occurs  and  must  be  care- 
fully distinguished  from  the  liver  cell  adenoma.  It  arises  from 
displaced  adrenal  cells,  grows  without  any  kind  of  lumen  formation, 
and  of  course  lacks  the  characteristic  bile  capillaries  of  the  other 
type  of  adenoma. 

Primary  carcinoma  of  the  liver  is  rare.  It  may  arise  from  liver 
cells,  under  which  circumstances  the  tumor  cells  may  closely 
resemble  the  liver  cells,  but  are  usually  larger.  They  may  secrete 
bile  and  form  bile  cajiillaries  even  when  growing  fairly  rapidly. 


Fig.  309. — Liver-cell  carcinoma.  Bile  capillaries  present;  the  one  in  h con- 
tains inspissated  bile. 

The  same  characteristics  may  be  shown  by  the  metastases  in  other 
parts  of  the  body. 

Carcinoma  may  also  arise  from  the  bile  ducts.  This  form 
sometimes  spreads  diffusel}^  along  the  portal  vessels.  When  this 
happens  it  is  often  extremely  difficult  to  tell  the  normal  bile  ducts 
from  the  tubules  ]iroduced  by  the  tumor.  In  one  instance  the 
problem  was  made  easier  because  the  tumor  cells  were  to  a large 
extent  ciliated. 

Cancer  may  also  arise  from  adrenal  rests,  and  present  the 
same  peculiarities  as  that  form  of  tumor  does  elsewhere. 

Wdien  a cancer  of  the  liver  grows  without  any  differentiation 
of  the  cells,  that  is,  in  .solid  masses  and  usually  rapidly,  the  exact 
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nature  of  the  cells  from  which  it  started  often  cannot  be  deter- 
mined with  any  degree  of  certaint}'. 

Cancer  of  the  liver  may  form  one  large  primaiy  nodule  with 
or  without  smaller  secoiulary  nodules  around  it,  or  occur  as  a 
diffuse  infiltration  with  much  connective-tissue  formation  so  that 
the  sclerosed  liver  is  easily  mistaken  for  some  form  of  cirrhosis  of 
inflammatory  origin.  \"arious  gradations  between  these  two 
extremes  may  also  occur. 

Gall-bladder.  The  gall-bladder  is  lined  with  columnar  epi- 
thelium of  the  same  character  as  that  in  the  bile  ducts. 

Papillomas  occur  but  are  veiy  rare. 

Carcinoma  is  relatively  frequent  and  is  found  almost  exclu- 
sively in  gall-bladders  which  have  contained  gall-stones.  It  starts 
in  the  wall,  usually  infiltrates,  and  often  invades  the  liver;  rarely 
It  projects  in  papillary  form  into  the  gall-ldadder.  The’  cancer 
IS  generally  of  the  cylindric  cell  t.vpe  and  sometimes  undergoes  the 
colloid  change.  Rarely  it  is  a typical  epidermoid  carcinoma, 
starting  probably  from  a pavement  epithelium  which  has  arisen 
metaidastically  from  the  cylindric  epithelium  as  the  result  of 
chronic  irritation.  Such  irritation  is  due  most  often  to  gall-stones. 

Pancreas.  Three  types  of  epithelium  occur  in  the  pancreas. 
The  gland  cells  are  characterized  by  the  production  of  coarse 
zymogen  granules  in  the  c.ytoplasm  adjoining  the  lumen,  and  by 
the  basophilic  staining  properties  of  the  ^ basal  homogeneous 
portion.  The  ducts  are  lined  with  a simple  columnar  e]:)ithelium 
Ihe  islets  contain  epithelial  cells  of  a smaller  type  and  of  two 
^aiieties  named  A and  B;  each  is  characterized  bv  the  presence  of 
ne  granules  of  peculiar  chemical  and  staining  properties. 

Adenomas  of  the  structure  of  the  islets  occur  rarely  also 
adenocystomas  apparently  of  the  type  of  the  duct  cpithcliiim. 

_ Cancer  is  somewhat  more  common:  it  is  usually  scirrhous 
m type,  but  may  p’ow  rapidly  or  undergo  hyaline  change.  As  a 
rule  cancer  starts  in  the  head  of  the  iiancreas.  In  one  instance 
the  tumor  was  glandular  in  type  and  the  cells  ciliated. 


Respiratory  Tract 

The  larynx  is  lined  in  ]iart  with  stratified  squamous  epithelium 
which  passes  over  into  the  pseudo-stratified  ciliated  columnar  ei)i- 
thehum  lining  the  trachea  and  bronchi.  Numerous  mucous  glands 
pour  their  secretion  into  these  air  passages.  The  alveoli  are  lined 
Mith  flattenefl  epithelium.  The  several  forms  of  epithelial  cells 
present  no  .striking  peculiarities. 

Papilloma  is  the  commone.st  tumor  affecting  the  larvnx:  it 
thriumra  occlude 
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Carcinoma  usually  of  the  ciiidcrmoid  type  also  occurs  and  as 
a rule  starts  on  the  vocal  cords. 

Carcinoma  of  the  lung  is  rare  although  the  commonest  primary 
tumor  of  this  organ.  It  usually  arises  from  lironchial  epithelium. 

The  Genito-urinary  Tract 

Kidney. — The  renal  epithelium  lining  the  tubules  is  derived 
from  two  sources:  the  uriniferous  tubules  originate  in  the  nephro- 
genic tissues;  the  ducts  of  the  kidney,  from  the  papillary  ducts  to 
the  collecting  tubules  of  the  medullary  rays,  arise  from  the  ejii- 
thelial  buds  which  develo])  from  the  side  of  the  Wolffian  ducts. 
The  cells  lining  the  uriniferous  tubules  are,  for  the  most  part, 
more  highly  differentiated  than  those  lining  the  ducts. 

Small  adenomatous  structures  occur  in  the  kidney,  usually 
in  the  cortex,  and  may  have  papillary  projections  into  them.  The 
lining  cells  are  columnar  in  type  and  suggest  renal  epithelium. 
These  structures  usually  show  no  evidence  of  exerting  ])ressure 
on  the  adjoining  tubules;  they  may  be  irregular  in  form  and  en- 
close glomeruli  and  tubules.  The^^  are  prol)ably  to  l)e  regarded 
as  abnormalities.  Karely,  liowever,  expansively  growing  ade- 
nomas do  occur,  which  ajiparently  are  of  renal-cell  origin. 

Adrenal  rests  of  various  sizes  may  occur  in  the  kidney,  usually 
in  the  cortex  or  in  the  capsule.  They  also  are  to  l)e  looked  upon 
as  congenital  abnormalities. 

Cancer  of  the  kidney  is  relatively  frequent.  IVIost  of  the 
tumors  are  composed  of  cells  of  the  adrenal  type  and  are  prob- 
ably derived  from  adrenal  rests.  They  grow  often  with  great 
rapidity,  invade  the  renal  vein  or  its  l)ranches  and  give  rise  to 
multiple  metastases  in  the  lungs  and  elsewhere.  Less  often  they 
extend  into  the  jielvis  of  the  kidney.  The  cells  of  these  tumors  fre- 
cjuently  vary  in  shape  and  structure  in  different  areas. 

Cancer  of  renal-cell  origin  is  much  less  common.  The  cells 
may  grow  in  solid  or  gland  form  and  form  nodular  masses  or 
infiltrate  diffusely. 

Pelvis  of  Kidney  and  Ureter. — They  are  lined  with  stratified 
epithelium  of  the  same  origin  as  that  lining  the  renal  ducts. 

Papillomas  are  of  rare  occurrence. 

Urinary  Bladder. — The  urinary  bladder  is  lined  with  stratified 
epithelium  of  the  same  origin  as  tluit  in  the  ureter  and  in  the  jx'lvis 
of  the  kidney. 

Pa})illomas  of  the  bladder  are  not  infrequent  and  although 
many  of  them  are  regarded  as  benign  they  should  always  be  looked 
upon  with  susj)icion.  ddie  almost  invariable  termination  is  in- 
filtration of  the  bladder  wall  at  the  base  of  the  tumor.  The 
papillary  projections  are  often  long  and  delicate  and  covered  with 
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a stratified  epithelium.  Epithelial  fibrils  are  often  demonstrable 
in  and  between  the  cells. 

T>^pical  epidermoid  carcinomas  containing  numerous  epi- 
thelial pearls  sometimes  occur:  less  often  adenomas  (derived, 
perhaps,  from  the  prostate).  Some  forms  of  cancer  may  undergo 
hyaline  change. 

Prostate. — The  alveoli  of  the  prostate  are  lined  with  simple 
columnar  epithelium.  The  cytoplasm  of  the  cells  often  contains 
acido])hilic  granules  on  the  side  adjoining  the  lumen.  The  ducts 
are  also  lined  with  columnar  eihthelium,  except  near  their  ter- 
minations where  its  place  may  be  taken  by  a stratified  ejhthelium. 

H\perplasia  and  dilatation  of  the  ])reexisting  glands  and  ducts 
of  the  prostate  are  common  in  old  age  and  are  often  looked  upon 
but  probably  incorrectly,  as  adenomas.  True  benign  adenomas 
may  occur  but  they  are  certainly  rare,  and  reported  cases  are 
doubtful.  They  ought  to  grow  expansively,  shoving  Ijack  the 
part  of  the  prostate  surrounding  them,  not  extending  diffusely 
throughout  the  organ. 

Cancer  of  the  prostate  is  fairly  frequent  in  old  men  and  the 
cells  are  irsually  of  small  size  and  grow  in  solid  masses  or  gland 
form.  They  are  sui)posed  to  arise  from  the  e]hthelium  lining 
the  glands.  The  tumor  may  grow  in  nodular  form,  or  so  dif- 
fusely infiltrate  the  prostate  as  not  to  be  recognized,  aside  from 
the  lesulting  hypertroph}q  except  on  microscopic  examination. 

A fiequent  peculiarity  of  cancer  of  the  prostate  is  to  give  rise 
to  metastases  m the  bone  marrow  and  to  cause  a marked  reaction 
on  the  part  of  the  peri-  and  endosteal  cells  so  that  much  often 
dense,  osteoplastic  stroma  is  produced.  Metastases  also  take 
place  retroperitoncally,  into  the  lungs  and  elsewhere. 

Uterus.— The  mucosa  of  the  body  of  the  uterus  and  of  the 
cervix  IS  lined  with  a single  layer  of  columnar  ciliated  epithelium 

3ut  the  cells  lining  the  glands  of  the  cervix  are  tall,  cvlindric  and 
secrete  mucus. 

Adenomas  in  Uie  form  of  mucous  }X)lyps  are  not  infrequent. 
Ihe  epithelium  lining  them  corresponds  in  tvpe  to  that  part  of  the 
mucosa  from  which  they  spring.  The  stroma  varies  in  amount, 

IS  oiten  abundant  and  sometimes  edematous. 

Cancer  of  the  uterus  is  very  common.  In  the  fundus  it 
may  grow  in  solid  alveolar  or  in  gland  form.  It  may  remain 
shai ply  localized  m the  mucous  membrane,  but  invade  deeplv  in 
le  mideidymg  muscle-wall.  More  often  it  spreads  gradually 
thiough  the  entire  mucosa  and  infiltrates  the  muscle  everywhere 

Cancer  of  the  cervix  starts  most  often  from  the  stratifi(>d 

t a varying  <listance 

through  the  external  os  into  the  cervical  canal.  On  this  account 
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cancer  of  tlie  cervix  is  usually  of  the  e])i(lernioid  type.  Sometimes 
it  is  infiltrated  with  great  numbers  of  eosinophiles.  Frequently 
it  presents  a cauliflower-like  appearance. 

Ovary. — The  ovary  is  almost  entirely  covered  with  meso- 
thelial  cells  which  here  are  cubical  to  cylindric  in  shape  and  are 
known  as  the  germinal  epithelium.  From  them  are  derived  the 
primary  egg  tubes  of  Pfliiger,  which  form  the  ova  and  the  cubical 
follicular  cells  surrounding  them.  Tlie  stroma  is  cellular  and 
abundant. 

The  epithelial  tumors  of  the  ovary  are  numerous  and  impor- 
tant. The  simple  cysts  of  various  sizes  and  origin  jirobably  do  not 
belong  in  this  category. 


Fig.  310. — (dliated  papillary  adenocystoma  of  ovary.  M. 

The  arlenomas  of  other  organs  are  replaced  here  by  adenocyst- 
omas. Two  types  are  recognized;  the  simple  and  the  pa]:>illarv. 

The  simple  adenocystoma  is  a multilocular  tumor  often  of 
large  size.  It  is  composed  of  glands  and  cysts  lined  with  tall 
cylindric  epithelial  cells  which  produce  a mucoid  secretion.  The 
cysts  are  filled  with  this  pseudomucin  which  varies  greatly  in 
consistence  and  in  color.  The  inner  surface  of  the  cysts  is  smooth. 

The  papillary  adenocystoma  differs  from  the  simple  adeno- 
cystoma chiefly  in  having  ]iapillary  jirojections  from  the  walls. 
This  condition  indicates  greati'r  activity  on  the  ]mrt  of  the  e))i- 
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theliuin.  These  projections  may  he  located  in  one  small  area 
or  be  more  or  less  extensive,  in  some  instances  coverinji;  the  wall 
of  all  the  cysts  and  sometimes  more  or  less  completely  filling-  tliem. 
Api)arently  all  gradations  between  the  simple  anti  the  ])apillary 
adenocystoma  may  occur.  On  the  other  hand  the  cells  lining 
some  of  the  pajhllaiy  adenocj^stomas  are  ciliated.  This  condition 
would  seem  to  indicate  a j)ossible  difference  in  origin  for  at  least 
some  of  them. 

Sometimes  either  by  direct  growth  through  the  wall  or  by 
ruiiture  of  a cyst,  a papillaiy  adenocystoma  grows  on  the  surface 
of  an  ovary  largely  in  the  form  of  a papilloma. 

lliese  epithelial  tumors  of  the  ovary  vary  from  benign  to 
malignant.  To  draw  a sharp  line  of  division  is  ini])ossil)le.  The 
papillary  adenocystoma  is  always  to  be  regarded  with  more 
suspicion  (especially  if  its  cells  are  ciliated)  than  the  simide  adeno- 
cystoma. If  the  epithelial  cells  form  a single  orderly  arranged 
layer  and  are  multi]dying  so  slowly  that  no  mitotic  figures  can  l)e 
found,  the  tumor  may  be  looked  u]Don  as  benign  and  classed  with 
the  adenomas  of  other  organs;  but  if  the  cells  tend  to  pile  up  into 
two  or  more  layers  and  cell  proliferation  is  rajud,  the  tumor  should 
be  regarded  as  a carcinoma. 

1 he  opportunity  for  one  of  these  tumors  to  invade  is  not  great 
because  the  ovary  is,  to  a large  extent,  free  from  actual  contact 
vith  other  tissues.  On  the  other  hand,  the  ovar}^  itself  is  often 
entirely  invaded  and  destro^^ed. 

If  one  of  the  cysts  of  a pa]:>illary  adenoc3''stoma  ruptures  so 
that  its  contents  escape  into  the  peritoneal  cavit.3"  multiple  surface 
implantations  of  freed  tumor  cells  often  take  place.  This  form 
of  metastasis  indicates  at  least  a mild  degree  of  malignanc,v  In 
occasional  instances,  however,  metastases  have  taken  ]dace  also 
apparentl}^  through  the  hunphatics  into  the  thoracic  cavit}\ 

AUiile  these  two  forms  of  adenoc3^stoma,  and  esjiecially  the 
papi  lary  type,  are  not  infrequently  malignant  and,  therefore,  to 
be  classed  as  carcinoma,  that  term  is  usually  reserved  for  the 
malignant  epithelial  tumors  of  the  ovarv  which  grow  in  solid  form 
that  is  111  which  cysts  are  not  present.  The  cells  mav  grow  in  the 
form  of  glands  or  they  may  be  massed  together.  The  stroma  is 
o en  excessively  abundant.  Occasionally  miiltijile  concretions 
appear  and  become  calcified  (psammo-carcinoma).  The  tumors 

form  solid  masses  the  size  of  the  fist  or  larger  and  sometimes  possess 
a iiecuhar  yellow  color. 


Tlie  accidental  finding  of  a small,  infiltrating,  ciliated,  pan- 
aij  adenocystoma  in  the  bro.ad  ligament  suggests  that  tumors 
ot  ns  type  may  arise  from  remains  of  the  Wolffian  tubes  in  the 
gament.  bimilar  ducts  and  glamls  lined  with  ciliated  epithelium 
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and  surrounded  l)v  sinootli  muscle  frecjiiently  occur  in  the  uterine 
tube.  It  is  the  ciliated  j-iaihllary  adenocystomas  which  ju'ove 
clinically  to  be  es])ecialh'  malignant.  It  seems  much  more  prob- 
al)le  that  they  are  derived  from  the  ciliated  remains  of  the  Wolffian 
and  perhaps  iMiillerian  ducts  than  from  dis])laced  intestinal  epithe- 
lium as  suj>gested  by  Kibliert. 

What  is  needed  is  the  careful  study  of  early  cases  before  the 
ovaries  are  infiltrated  and  destroyed  and  all  relations  lost.  Tlie 
finding  of  small  solid  masses  of  squamous  epithelium  in  the  outer 
wall  of  two  different  normal  uterine  tubes,  and  the  occurrence  of 
a thick  layer  of  squamous  e]uthelium  lining  one  fold  of  the  tubal 
mucosa  while  the  rest  was  jierfectly  ciliated,  suggests  the  possi- 
ble origin  of  ei)idermoid  carcinomas  in  this  region. 


Adrenal  Gland 


The  cortex  of  the  adrenal  gland  consists  of  epithelial  cells 
arranged  in  three  zones.  The  cells  are  characterized  by  the 
jiresence  of  numerous  fat-droplets  in  many  of  them  (chiefly  in  the 


Fig.  311. — .\flronal  oaroinonia.  M.  and  W. 


two  outer,  glomerular  and  fascicular  zones),  and  of  pigment 
granules  in  some  of  them  (in  the  innermost  reticular  or  pigmented 
zone).  The  medulla  is  composed  largely  of  chromatin  cells 
derived,  from  the  sympathetic  nervous  system.  These  cells  are 
smaller  than  those  in  the  cortex  and  contain  granules  which  are 
stained  brown  by  chromic  acid  and  its  salts.  Xumerous  ganglion 
cells  and  their  nerve  fibrils  are  also  jiresent. 
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The  connective-tissue  stronui  of  the  adrenal  is  slight  in  amount, 
esj^ecially  in  the  cortex.  The  blood-vessels  are  largel}'  of  the 
cai)illary  type. 

Adenomas  of  the  adrenal  gland  are  common  and  varj^  much 
in  size.  They  arise  most  commonly  in  the  cortex,  but  also  occa- 
sionally in  the  medulla  and  in  the  capsule  from  dis])laced  cortical 
cells.  As  a rule,  the  tumor  cells  are  characterized  b}^  the  ])resence 
of  numerous  fat-droplets  which  cause  the  new-growth  to  have  the 
characteristic  yellow  color  of  the  adrenal  cortex.  Occasionally 


Fig.  312.— Adrenal  carcinoma;  actively  growing  part.  One  mitotic 

ngure  present.  M. 


adenomas  occur  adjoining  the  medulla,  in  which  the  tumor  cells 

are  pigmented  and  thus  correspond  in  their  differentiation  to  the 
pigmented  zone. 

The  stroma  of  connective  tissue  and  blood-ves.sels  of  the  ade- 
nomas usually  corresponds  in  character  to  that  of  the  normal 
adrenal  gland. 


Carcinoma  of  the  adrenal  gland  is  of  less  common  occurrence 
than  adrenal  cancer  of  the  kidney.  The  tumor  cells  usually 
differentiate  like  the  cells  of  the  adrenal  cortex  and  contain  numer- 
ous tat-droplets. 


Thyroid  Gland 

The  thyroid  gland  is  compo.sed  of  cubical  epithelial  cells  ar- 
ranged m non-communicating  acini  of  various  sizes  grouped  in  loli- 
uies.  iiie  cells  secrete  a hyaline  substance  called  colloid  or  colloid 
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material.  The  colloid  is  characterized  liy  the  presence  of  iodin 
in  combination  with  protein.  The  characteristic  feature  of  the 
e])ithelial  cells  lies  in  the  secretion  which  they  produce. 

Under  various  ]iathologic  conditions  the  acini  may  become 
dilated  with  colloid  material  or  they  may  increase  greatly  in 
number  and  contain  little  or  no  secretion.  These  changes  may 
take  place  diffusely  or  in  foci. 

The  connective-tissue  stroma  of  the  thyroid  is  fairly  al)undant 
and  the  blood-vessels  numerous. 

Adenomas  of  the  thjToid  are  not  infrequent,  but  it  is  often 
difficult  to  recognize  them  with  certainty,  at  least  when  one  has 
to  decide  from  material  removed  surgically.  A microscopic  slide 


Fig.  .313. — Thyroid  gland.  Carcinoma  growing  in  .solid  form  and  gradually 

invading  it.  M. 


preparation  will  not,  as  a rule,  settle  the  question  liecause  there  is 
nothing  distinctive  about  an  adenoma  of  the  thyroid.  What  one 
really  requires,  or  perhaps  would  like  to  have,  is  the  whole  thyroid 
gland  with  the  tumor  nodule  in  place. 

An  adenoma  must  be  distinguished  first  from  normal  or  ab- 
normal thyroid  tissue,  and  then  from  focal  collections  of  colloid 
material  in  dilaterl  glands  and  from  focal  hyperplasia  of  acini.  It 
is  claimeil  that  in  adenomas,  inasmuch  as  the  growth  is  expansive 
and  the  stroma  new  formed,  no  elastic  tissue  is  present  except  along 
the  blood-vessels.  In  other  words  elastic  fibrils  cease  at  the  cap- 
sule of  the  tumor.  This  point  may  be  of  .some  diagnostic  value. 

With  carcinoma  of  the  thyroid  gland  much  the  same  difficulty 
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Fig.  314.— Thyroid  gland.  Rapidly  growing  carcinoma.  Two  mitotic  figures 

in  center  of  field.  M. 
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in  the  way  of  making  a ]iositivc  diagnosis  is  sometimes  presented. 
The  cancer  may  grow  with  the  cells  arranged  in  solid  masses  in  a 
well  developed  stroma.  Here  the  atypical  cell  arrangement  is 
sufficient,  as  it  is  also  in  the  rare  cases  when  the  cancer  grows  in 
the  form  of  a ])ai)illary  adenoma. 

In  other  instances,  however,  the  cancer  corresponds  in  every 
way  to  normal  thjToid  tissue  and  even  in  its  metastases  in  the 
liver,  lung,  bone  marrow,  etc.,  produces  typical  colloid  material 
containing  iodin.  Cases  have  even  been  reported  where  metas- 
tases of  this  structure  were  present  in  various  organs  when  the 
thyroid  gland  itself  was  apparently  normal  in  every  respect  with 
no  evidence  of  any  tumor  being  present. 

Hypophysis 

The  hypophysis  contains  in  the  glandular  or  anterior  lobe  alve- 
oli filled  with  two  varieties  of  epithelial  cells;  chromophilic  cells  in 
whose  cytoplasm  are  numerous  coarse  granules  which  stain  dee]ily 
with  acid  dyes,  and  basophilic  cells  which  are  more  numerous  and 
contain  fine  granules  with  a strong  affinity  for  the  basic  stains. 
Chiefly  adjoining  the  posterior  lolie  occur  epithelial  lined  acini 
which  are  similar  to  those  in  the  thyroid  gland  and  usually  con- 
tain colloid  material. 

Adenomas  consisting  of  either  chromophilic  or  liasophilic 
cells  are  said  to  occur,  especially  after  the  age  of  forty.  They  may 
be  found  on  microsco]:)ic  examination. 

Carcinoma  is  also  said  to  occur.  It  may  extend  through  the 
capsule  and  invade  the  adjoining  bone  or  brain  tissue.  The 
tumors  containing  acidojihilic  cells  are  the  more  important  as 
they  may  be  associated  with  symptoms  of  acromegaijL 

\ ery  rarely  epithelial  tumors  arise  from  the  colloid  secreting 
glands. 

Epiphysis. — The  pineal  gland  contains  follicles  lined  and 
sometimes  entirely  filled  with  epithelial  cells.  Some  of  the  fol- 
licles contain  round  and  irregular  concretions  known  as  brain 
sand. 

Very  rarely  carcinomatous  tumors  arise  from  the  epiphysis. 

Chordoblastoma  (Chordoma) 

Definition. — A tumor  of  entodermal  origin  of  which  the  cells 
tend  to  differentiate  into  cells  like  those  forming  the  notochord. 

The  notochord  is  a rod  of  entodermal  cells  forming  the  axis 
around  which  the  bodies  of  the  vertebra?  are  laid  down.  It  dis- 
appears for  tlie  most  part  from  the  body  of  each  vertebra  during 
fetal  (leveloj)rnent,  its  tissue  being  forced  into  the  intervertebral 
disk  where  it  develops  into  the  nucleus  pulposus. 
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The  notochordal  tissue  starts  as  epithelial  cells  which  develop 
vacuoles  containing  mucin.  Later,  the  cell  walls  (Visappear  and 
the  cytoplasm  fuses^  to  form  a syncytium  which  resembles  fetal 
mucous  connective  tissue.  The  mucin  escaping  from  the  vacuoles 
m part  remains  m the  cytoplasmic  mesh,  in  part  collects  around 
the  imtochord,  forming  an  inner  sheath.  A still  later  change  is 
Lie  tormation  of  more  or  less  definite  cells  or  cell-like  structures 
m the  syncytium,  each  of  which  contains  one  to  three  large  vacuoles 
filled  with  serum.  These  peculiar  vacuolated  cells  are  character- 
isLc  of  adult  notochordal  tissue.  They  occur  in  rows  and  clumps 
of  various  sizes,  separate  and  surrounded  by  more  or  less  mucin 
which  acts  as  an  intercellular  substance,  and  usually  held  some- 


Fig.  SIG.-Xotochorcl  tissue  from  base  of  skull.  xXumerous  cysts  present  in 
cytoplasm  of  syncytial  cell  masses.  ^ 


vacu(IhtS‘'kns\-MnT‘‘°'''“  into  the 

tiss  e In  tl  ! '"’’"“tni-istic  of  adult  notochord.al 

nnt  t f f ™r"lly-groiving  malignant  tumor  of  this 
i»ne  ’ f ““f  ““f  "rPni-  surface  of  the  i).a.si-occipital 

as  the  aduir  ^ notochordal  cells  were  iwesent,  the  fetal  as  well 

theoretical  interest  hut  has  little 
P ac  ,o.a  s.gn,ficanee  as  but  one  other  instance  of  a eal 
tins  land,  bes.tles  the  one  n.e.ttioned  above,  is  as  yerL,  record 


402 


rATIIOLOGIC  HISTOLOGY 


The  illustrations  arc  from  a third  case,  not  yet  reported,  in  which 
the  tumor  started  over  the  coccyx  in  an  elderly  person  and  re- 
curred twice  within  two  years  after  removal. 

On  the  other  hand,  very  small  masses  of  notochordal  tissue 
are  found  not  infrequently  in  certain  definite  locations  and  their 
nature  should  be  recognized.  They  occur  most  often  upon  the 
dorsum  sellse,  less  frequently  in  the  hypophysial  fossa  and  at  the 
spheno-occipital  junction,  rarely  elsewhere  (anterior  surface  of 
the  cervical  vertebrae  ancl  on  the  sacrum).  Although  commonly 


Fig.  317. — Chordobla-stoma.  Numerous  vacuoles  present,  some  with  well 

defined  walls. 

called  chordomas  these  small  masses  are  ])robably  only  the  result 
of  the  normal  development  of  notochordal  tissue  forci'd  out  of  the 
bone  at  the  liase  of  the  skull  during  fetal  develoiiment.  They  are 
analogous  to  the  frequent  displacements  of  adrenal  cells. 

These  cell-masses  are  soft,  of  glass-like  transparency,  and  may 
reach  the  size  of  a small  pea.  Ribbert  has  shown  that  those 
occurring  on  the  dorsum  sellse  are  connected  by  a slender  stalk 
extending  through  a small  hole  in  the  dura  with  similar  tissue 
embedded  in  the  underlying  bone. 
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Fig.  319.-Chorionepitholioblastoma  of  fhc  uterus.  M.  and  W 
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Fig.  320. — Chorionopitlielioblastoma.  Metastasis  growing  in  vein  in  wall  of 

vagina.  M. 
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Chorionepithelioma 

The  chorionic  villi  are  covered  with  two  htyers  of  epithelial 
cells,  the  iiiiiei  oi  so-called  layer  of  Tanghans  is  composed  of 
separate  cells  which  are  sharply  defined  and  cubical  in  shape;  the 
outer  so-called  syncytial  layer  is  derived  from  the  inner  and  is 

composed  of  flat  connecting  masses  of  cytoplasm  containing 
numerous  nuclei. 

Ihe  tumor  arising  from  the  epithelial  cells  covering  the  villi 
is  called  a chorionej)ithelioma.  It  is  an  epithelial  tumor  of  fetal 
origin  and  its  cells  tend  to  differentiate  as  do  those  covering  the 


Fig. 


322. — llydatitliform 


mole.  Marked  hyperpla.sia  of  chorionepithelium 
covering  a villas.  M.  ^ 


nfhp  tliereforc,  sharply  differentiated  from 

othu  lorms  of  carcinoma  by  the  ])resence  of  two  kinds  of  cells- 
seiRirate  cehs  which  undergo  mitosis  and  which  corresj^ond  to  the 

a\  ci  oi  Langhans,  and  large  multinucleated  cells  which  correspond 
to  the  syncytial  layer. 

1 he  tumor  causes  little  or  no  reaction  on  the  jiart  of  surround- 

ti  t’  ‘‘‘  formation. 

tvno  ; I '7i  of  the  same 

>0,  to  invade  blood-vessels  and  to  develop  within  them  On 

iMetaTaspl  ''''““'''‘•''SO  a prominent  fe.ature  with  tins  tumor. 
1'ietasta.ses  are  of  common  occurrence,  especially  in  the  wall  of  the 
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vaj^iiia  and  in  the  lungs.  Occasionally  the  tumor  starts  directly 
as  a metastasis  in  the  lung  or  elsewhere  without  any  original  tumor 
having  been  formed  in  the  uterus. 

A chorionepithelioma  may  start  from  a uterine  or  rarely  from 
a tubal  pregnancy.  It  is  frequently  preceded  by  the  formation 
of  a hydatidiform  mole  in  which  condition  the  epithelium  covering 
the  edematous  villi  often  shows  marked  hyperplasia. 

Mixed  Tumors 

The  simple  tumors  arise  from  the  cells  which  have  reached  the 
end  of  their  embryologic  development.  The  tumor  cells  are 
ca[)able,  therefore,  of  forming  but  one  type  of  cell  and  these  cells 
may  undergo  complete  or  incomplete  histologic  differentiation 
largely  according  to  whether  the  tumor  grows  slowly  or  rapidly. 

Mixed  tumors  on  the  other  hand  may  arise  in  two  ways,  rarely 
from  combinations  of  two  different  types  of  tumors,  commonly 
from  cells  which  have  not  attained  full  embryologic  development, 
or  from  cells  which  have  inherent  in  them  the  possibilities  of 
develoi)ing  into  an  embryo.  The  tumor  cells  may,  therefore, 
undergo  more  or  less  complete  embryologic  development  into  two 
or  more  types  of  cells  and  these  cells  may  differentiate  more  or  less 
completely  histologically;  the  degree  of  differentiation  depends 
again  largely  on  the  rate  of  growth  of  the  tumor.  It  is  ap])arent 
from  this  statement  that  we  may  have  a variety  of  mixed  tumors, 
running  from  the  simplest  which  contain  but  two  types  of  cells  to 
complicated  new-growths  which  may  contain  examples  of  all  the 
various  kinds  of  cells  which  occur  in  the  human  body. 

Mixed  tumors  are  classified  according  to  their  complexity, 
that  is,  according  to  the  nature  of  the  germ  cell  from  which  they 
arise.  It  is  often  convenient,  however,  to  name  them  according 
to  the  locality  in  which  they  occur,  namely,  mixed  tumors  of  the 
kidney,  mixed  tumors  of  the  parotid  region,  because  experience  has 
shown  that  certain  varieties  of  mixed  tumors  arise  most  frequently 
in  definite  situations. 

One  sc'ries  of  mixed  tumors  arises  from  the  ectoderm  and  its 
flerivatives,  a second  from  the  mesoderm,  a third  from  the  ento- 
flerm,  a fourth  from  all  three  layers.  Whether  coml)inations  of 
ectoderm  and  mesoderm  occur  is  exceedingly  doubtful  although 
oft(‘n  assumed. 

Combinations  of  Tumors. — Comliinations  of  two  different 
ty])es  of  tumors  occasionally  occur;  for  example,  adenocarcinoma 
and  sarcoma  of  the  uterus;  carcinoma  and  sarcoma  of  the  thyroid; 
adrenal  carcinoma  and  fibrosarcoma  of  the  kidney.  In  the  last 
instance  the  two  different  tumors  in  ])laces  grew  separately  while 
in  other  places  they  w(‘re  intimatc'ly  combined.  The  invasion 
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or  spread  of  the  fibrosareonui  aloii^  the  stroma  of  the  eareinoma 
could  easily  be  followed. 

Such  combinations  of  two  different  kinds  of  tumors  ma}^  some- 
times of  course  be  accidental;  in  other  instances  it  certainly  seems 
to  be  the  effect  of  a primaiy  tumor  on  its  stroma,  as  in  the  case 
of  the  adrenal  carcinoma  and  fibrosarcoma  just  mentioned. 
This  view  is  favored  by  some  of  the  recent  experimental  work 
with  cancer,  in  which  it  was  shown  that  after  a number  of  trans- 
plantations the  cancer  had  disappeared  and  its  i)lace  had  been 
taken  by  a fibrosarcoma. 

1.  Of  Ectodermal  Origin. — The  neural  canal  is  formed  by  an 
infolding  of  the  ectoderm.  The  ependymal  cells  lining  it  are 
ciliated  in  early  embryonic  life;  occasionally  the  cilia  persist  into 
adult  life.  From  these  ependymal  cells  are  derived  all  the  nerve 
cells  and  neuroglia  cells  of  the  central  nervous  system.  Closure 
of  the  lower  end  of  the  neural  canal  takes  place  over  the  coccyx. 
The  cells  lining  it  should  atrophy  and  disappear.  Frequently 
they  fail  to  do  so;  instead  they  remain  as  small  gland-like  forma- 
tions on  the  surface  of  the  coccyx.  These  groups  of  cells  or  fetal 
rests,  of  ectodermic  origin,  may  differentiate  like  the  epidermis, 
or  like  the  cells  of  the  neural  canal.  Sinuses  and  cysts  lined  with 
epidermis  occur  in  this  region.  They  are  probably  not  to  be  re- 
garded as  real  tumors.  On  the  other  hand  we  sometimes  get  true 
tumors  here;  (a)  simple  tumors  composed  of  neuroglia  tissue  and  (6) 
mixed  tumors  comj^osed  of  nerve  cells  and  fibers,  neuroglia  cells 
with  their  filnils,  and  cysts  of  various  sizes,  some  lined  with  e])i- 
dermis,  others  with  ependymal  cells  which  may  or  may  not  be 
ciliated. 

Similar  tumors  may  occur  also  where  closure  of  the  upper  end 
of  the  neural  canal  takes  place,  at  the  base  of  the  nose. 

Cell  remains  of  the  branchial  cleft  in  the  neck  may  differ- 
entiate into  ciliated  epithelium  like  that  lining  the  trachea,  or 
into  an  epidermis.  Glandular  and  cystic  tumors  occasionally 
occur  in  this  location  in  which  some  of  the  cavities  are  lined  witii 
ciliated  epithelium,  others  with  an  ej;)idermis.  Such  a new-groMdh 
may  be  considered  a very  simple  form  of  mixed  tumor. 

Occasionally  tumors  of  the  breast  occur  in  which  the  epithelial 
cells  derived  from  the  ectoderm  have  differentiated  in  part  like 
the  gland  cells,  in  part  like  the  epidermis.  The  result  is  a tumor 
composed  of  glands  and  cysts  some  of  which  are  lined  with  cubical 
to  cylindric  epithelium,  while  others  are  covered  with  a typical 
epidermis. 

2.  Of  Mesenchymal  Origin. — A more  common  group  of  mixed 
tumors  is  that  derived  from  the  mesenchyma  which,  under  normal 
conditions,  gives  rise  especially  to  fibrous  and  mucous  connective 
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tissue,  cartihi^e  iind  hone  cells,  and  to  fat  and  smooth  muscle- 
cells.  A mesenchymal  cell  ma}",  therefore,  give  rise  to  a tumor 
containing  all  these  cells  or  any  combination  of  them.  The  most 
frequent  combinations  consist  of  two  or  more  of  the  first  four,  that 
is,  of  fibrous  and  mucous  connective  tissue,  cartilage  and  bone 
cells.  As  the  fibroblast,  at  least  in  certain  situations,  retains 
throughout  life  the  inherent  possibility  of  differentiating  into  any 
of  these  four  types  of  cells,  the  question  might  be  raised  whether 
this  combination  of  cells  formed  a true  mixed  tumor.  For  prac- 
tical purposes  it  is,  perhaps,  as  well  so  to  regard  it. 

Other  combinations  which  sometimes  occur  are  of  fat  aiul 
mucous  connective-tissue  cells,  and  of  fat  and  smooth  muscle- 
cells. 

The  mesoderm  differentiates  into  mesothelium  and  mesen- 
chyma,  and  under  normal  conditions  produces  a variety  of  organs 
and  tissues.  Cells  of  intermediate  stages  are  known  as  myotomes, 
sclerotomes,  neplirotomes,  etc.  A mesodermic  cell  or  any  of  its 
early  derivatives  which  give  rise  to  a tumor  may  lie  expected, 
therefore,  to  differentiate  into  a variety  of  cells,  depending  on  the 
stage  of  development  it  had  reached  before  it  escaped  from  its 
normal  relations  and  on  its  normal  location  in  the  embryo,  that 
is,  whether  it  lies  in  the  region  of  the  kidney,  of  the  lung,  or  in 
the  neck. 

Tumor  cells  of  mesodermic  origin  differentiate  in  various  ways 
along  the  course  of  the  genito-urinary  system.  The  amount  of 
differentiation  depends  on  rate  of  growth. 

In  the  kidney  the  tumor  usually  grows  rapidly  and  the  cells 
often  form  only  glandular  canals  emliedded  in  very  cellular  mesen- 
chymal tissue  which  resembles  in  appearance  that  of  a sarcoma. 
Sometimes  striated  muscles  and  fat-cells,  cartilage,  and  bone  are 
also  formed.  Similar  tumors  may  develoji  in  the  pelvis  of  the 
kidney,  urinary  bladder,  vas  deferens,  vagina,  cervix  uteri. 

The  origin  and  distribution  of  these  tumors  in  and  along  the 
genito-urinary  tract  is  supposed  to  be  due  to  the  great  local  move- 
ments which  the  cells  forming  these  structures  undergo  in  normal 
development  and,  therefore,  to  the  ease  with  which  some  of  the 
cells  may  be  displaced  out  of  their  normal  arrangement. 

Somewhat  similar  tumors  develop  in  the  lungs.  They  contain 
striated  and  smooth  muscle-cells,  as  well  as  gland  and  cyst-like 
formations. 

Mixed  tumors  occur  also  in  the  parotid  and  other  salivary 
glands  and  in  the  region  of  the  lips.  They  commonly  contain 
cartilage  and  epithelial  structures,  some  of  which  may  be  in  the 
form  of  glands  and  contain  colloid  material,  also  less  often  l)one. 

3.  Embracing  all  Three  Embryonic  Layers. — A cell  having 
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the  inherent  i)ossibility  of  j)ro( hieing  an  entire  embryo  is  in  a 
position  to  give  rise  to  a tumor  of  which  the  cells  may  differentiate 
into  any  or  all  of  the  cells  which  make  up  the  human  body.  Cells 
with  such  possibilities  exist  in  the  ovary  and  testicle  and  they  may 
be  introduced  from  outside  the  body  in  the  same  way  as  happens 
when  the  monstrosity  knoMui  as  a fetus  in  fetu  is  produced. 

If  the  tumor  develops  slowly  the  cells  may  undergo  a large 
amount  of  differentiation,  so  that  the  results  are  easily  recognized. 
Such  a tumor  is  called  a teratoma.  If,  however,  the  cells  prolifer- 
ate rapidly  so  that  little  or  no  cell  differentiation  has  time  to  occur, 
the  tumor  is  called  an  embryoma.  All  gradations  lietween  the 
two  extremes  necessarily  occur. 


Ovary.  Mixed  tumors  of  the  ovary  usually  grow  slowly  so 
that  considerable  differentiation  of  cells  and  tissues  is  possible 
Ectodermic  structures  especially  are  formed,  most  commonly 
epidermis,  hair,  sebaceous  and  coil  glands,  and  teeth,  in  addition 
to  connective  tissue,  bone,_  etc.  _ The  product  of  the  glands  collects 
in  the  space  linecl  with  epidermis  ancl  distends  it  into  a cyst  until 
it  may  reach  a diameter  of  five  to  ten  cm.  or  more.  The  cavity 
IS  usually  filled  with  thick  greasy  material  and  hairs.  The  solid 
part  of  the  tumor  remains  as  a projecting  mass  at  one  side  of  the 
cyst.  From  its  surface  grow  the  hairs  which  are  gradually  cast 
off  and  mix  with  the  secretion  of  the  sebaceous  glands. 

One  or  more,  occasionally  many  teeth,  are  also  often  present. 
E.xammation  of  this  solid  part  of  the  tumor  often  shows  bone  and 
caitilage,  muscle,  neuroglia  and  nerve  cissue,  and  sometimes  many 
other  structures  suggesting  attempts  to  form  various  organs  of 
the  body.  This  cystic  form  of  teratoma  has  commonly  been 
called  a dermoid  cyst.  The  term  is  best  reserved  for  simple  cysts 
lined  with  epidermis  occurring  in  other  parts  of  the  body  and 
probably  not  to  be  classed  as  true  tumors. 

I he  more  rapidly-growing  teratomas  of  the  ovary  usually 
torm  more  or  less  solid  tumors  containing  numerous  small  cysts 
ot  various  sizes  lined  with  various  kinds  of  epithelium,  ciliated 
imvement  etc.,  anti  containing  multiple  foci  of  cartilage,  smooth 
muscle-cells,  neuroglia  tissue,  less  often  striated  muscle  and  nerve- 
cells.  Ihe  more  rapidly  these  tumors  grow  the  more  likely  are 
they  to  give  rise  to  metastases  in  the  lungs  and  elsewhere.  Karelv 
a carcinoma,  usually  of  the  epidermoid  type,  \\411  start  from  a 
slowly-growing  cystic  form  of  teratoma. 

Testicle.— :\Iixed  tumors  of  the  testicle  are  relatively  frequent 
and  usually  grow  m solid  form,  although  multiple  cysts  are  some- 
toes  present.  The  dermoid  cyst  form  of  teratoma  so  eomZon 
11  the  ovary  is  rare  in  the  testicle,  \-arioiis  tissues  may  he  found  ■ 
fibrous  and  mucous  connective  tissue,  cartilage,  bone,  smootli  and 
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striated  muscle-cells,  neuroglia  tissue,  glands  and  cysts  lined  with 
eiiitlK'lium  of  various  types.  As  a rule,  the  slower  the  rate  of 
growth,  the  greater  the  cell  differentiation.  Metastases  from  one 
of  these  teratomas  are  not  frequent, 

A more  common  tumor  of  the  testicle  is  one  which  must  be 
classed  as  an  embryoma.  It  has  been  variously  regarded  in  the 
past  as  a carcinoma  or  sarcoma.  The  microscopic  picture  is 
fairly  characteristic.  The  tumor  is  composed  of  cells  growing  in 
large  solid  masses  with  little  stroma  lietween  the  masses.  The 
cells  are  of  medium  size,  with  round  nuclei  surrounded  by  a mod- 
erate amount  of  delicate  cytoplasm  which  is  sharply  limited  as 
by  a cell  membrane. 

Syncj'tial  cells  are  sometimes  present  and  occasionally  masses 
of  cartilage  or  other  adult  t}qie  of  tissue  may  be  formed. 

Fetal  Inclusions. — Occasionally  teratomas  occur  in  other  parts 
of  the  body  than  in  the  ovary  and  testicle;  for  example,  at  the 
ends  of  the  body,  within  the  skull,  in  the  mediastinum,  retro- 
peritoneally,  etc.  They  frequently  form  solid  tumors  containing 
numerous  small  cysts.  They  may  grow  slowly  so  that  the  cells 
have  opportunity  to  differentiate  in  various  directions,  that  is, 
into  cells  characteristic  of  various  tissues  and  organs  (neuroglia 
tissue,  smooth  and  striated  muscle-cells,  cartilage,  bone,  teeth, 
retina,  and  epithelial  structures  of  many  varieties),  or  they  may 
grow  rapidly  and  exhibit  little  cell  differentiation,  but  on  the  other 
hand,  a strong  tendency  to  infiltrate  surrounding  tissues  and  to 
give  rise  to  metastases. 

Mixed  tumors  of  this  sort  can  lie  explained  only  on  the  suppo- 
sition that  some  cell  has  been  included  in  the  body  capalile  of 
developing  all  three  of  the  embryonic  cell  layers.  Such  a cell 
could  be  either  one  of  the  early  cells  formed  from  the  proliferation 
of  an  ovum,  or  a second  ovum  included  among  the  developing 
cells  of  the  first.  The  abnormalities  due  to  inclusion  of  one  fetus 
within  another,  often  in  the  same  regions  where  these  teratomas 
occur,  is  a strong  argument  in  favor  of  this  latter  view  although 
the  other,  of  course,  cannot  be  excluded  and  may  indeed  occur  also. 
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SPECIAL  PATHOLOGIC  HISTOLOGY 
ORGANS  OF  CIRCULATION 
PERICARDIAL  CAVITY 

Introduction —The  most  important  lesions  of  the  pericardial 

ca«ty  .ye  of  infectious  origin  and  are  all  included  under  the  term 
pericarditis. 

Anatoitiy.— The  pericardial  cavity  is  lined  with  cuhoidal 
mesothehal  cells.  They  rest  on  a layer  of  connective  tissue 
containing  numerous  elastic  fibrils.  The  cavity  contains  in 

health,  twenty  to  fifty,  rarely  as  much  as  100  c.c.,  of  a light  ye  low 
serous  secretion.  & uu 

Fat-cells.— Fat-cells  occur  normally  in  the  epicardiiim.  Under 

certain  conditions  they  may  be  either  increased  or  diminished  in 

num  jer.  \ ariations  within  fairly  lar^e  limits  must  be  considered 

normal.  If  they  pass  beyond  these  limits  the  condition  becomes 
pathologic. 

In  obese  people  the  fat-cells  Increase  greatly  in  number.  They 
occupy  not  only  the  epicardial  tissue,  but  extend  into  the  mvo- 
■ardnim,  growing  along  the  blood-vessels  and  infiltrating  between 
the  muscle-fibers.  They  may  even  m.ake  their  appearance  beneath 

ifit  ® ‘■“"''“’O"  "■>'<?«  extreme  is  called  adiiios- 

as  coril.s,  a„<  IS  of  some  pathologic  importance  because  it 
interferes  with  the  perfect  functioning  of  the  heart. 

\s  file"/!?"'’*'""  ‘'’f  p‘-<‘ells  may  be  greatly  reduced  in  number. 
As  the  fat  IS  need(-d  for  nutrition  the  fat-cells  atrophv  until  the 
fat  IS  all  remyed  from  tliem  and  then,  for  the  most  part  thev 
d sapprar.  Ihey  are  not  fibroblasts  filled  with  fat,  but  luesen- 

chymal  cells^  sm  generis.  They  multiply  as  they  are  needed  and 
disappear  when  not  required.  ' ana 

When  the  fat-cells  disappear  the  fibrobl.asts  of  the  epicarilium 
apparently  produce  a certain  amount  of  mucin  to  take  their  place 
.\t  any  rate,  the  collagen  fibrils  are  often  separated  by  a geiati 
ous  fluii  so  that  the  fibroblasts  resemble  the  mucous  nmnective 

nouVa  Tothis  condition  thctermgela- 

nous  atrophy  of  fat  tissue  is  sometimes  incorrectly  applied  ^ 

Circulatory  Disturbances.-The  I, I oo< I -vessels  in  the  wall  of 
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the  pcricardiimi  are  hyjiereniic  ordinarily  under  two  conditions, 
when  acute  ])ericarditis,  or  chronic  })assive  congestion  has  existed 
at  the  time  of  death. 

Sulipericartlial  ecchymoses  occur  under  a variety  of  conditions; 
in  death  from  strangulation;  frequently  in  severe  septicemias;  in 
pernicious  anemia;  in  eclampsia.  They  are  significant  of  mechan- 
ical or  toxic  injiiiy  to  the  walls  of  capillaries  and  small  blood- 
vessels, but  otherwise  are  unimportant. 

Occasionally  as  the  result  of  rupture  of  the  heart  or  from 
a mechanical  injury  such  as  a stab  wound,  the  pericardial  cavity 
may  be  distended  by  a large  hemorrhage  which  interferes  with  or 
jirevents  the  action  of  the  heart. 

In  general  edema  from  cardiac  or  renal  disease  the  pericardial 
cavity  ma}^  contain,  as  the  result  of  transudation,  a large  amount 
of  serous  fluid  in  which  loose  gelatinous  clots  may  form. 

Pericarditis. — A variety  of  infectious  agents  may  cause  acute 
inflammation  of  the  pericardial  cavity.  The  most  common 
are  the  diplococcus  pneumonise,  the  streptococcus  pyogenes,  the 
staphylococcus  aureus,  and  the  tubercle  bacillus.  They  probably 
never  lodge  here  primarily,  but  come  from  other  lesions  elsewhere, 
thus  by  direct  extension  or  through  lymphatics  from  the  lung, 
mediastinum,  or  heart,  or  by  the  blood  stream  from  any  part  of 
the  bodv. 

The  injury  caused  is  usually  slight,  simpl}^  degeneration  or 
necrosis  of  the  lining  mesothelial  cells.  Even  this  is  often  only 
partial. 

The  inflammatory  reaction  on  the  other  hand  is  usually  abun- 
dant. It  is  called  out  chiefly  to  counteract  the  injurious  agent 
and  its  toxins.  The  injured  cells  play  an  unimportant  part. 

The  character  of  the  inflammatory  exudation  depends  on  the 
nature  of  the  infectious  agent  and  may  be  serous,  fibrinous,  or 
purulent,  or  a combination  of  any  two  or  of  all  of  them.  The 
exudation  may  be  complicated  by  hemorrhage  or  undergo  case- 
ation. 

The  exudation  of  serum  and  polymorphonuclear  leukocytes 
passes  into  the  pericardial  cavity  from  the  congested  vessels 
in  its  wall.  Fibrin  quickly  begins  to  form  between  and  on  the 
surface  of  the  lining  mesothelial  cells.  It  may  build  a layer 
of  varying  thickness  parallel  with  the  surface,  or  if  there  is  little 
or  no  free  fluid  present  and  the  visceral  and  parietal  surfaces  touch, 
it  may,  by  the  heart’s  action,  be  forced  into  delicate  ridges  and  villi. 
The  leukocyte's  lie  in  part  in  the  meshes  of  the  fibrin  reticulum, 
but  mostly  collect  in  the  free  fluid  in  the  cavity. 

The  mesothelial  cells  may  be  partly  or  entirely  destroyed; 
they  may  remain  in  situ  or  be  desquamated  singly  or  in  clumps. 
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Microscopically,  the  fibrin  forms  at  first  a tliin,  easily  remov- 
able layer  on  the  pericardial  surface  and  clouds  or  dulls  its  glisten- 
ing a])pearance.  Later  it  often  forms  a layer  one  to  three  or  mor(> 
mm.  in  thickness  and  may  be  smooth  or  deejily  ridged  and 
lurrowed,  or  villous  in  appearance  de]:>endent  largely  on  the  amount 
of  free  fluicl  jn-esent  to  keejo  the  two  pericardial  surfaces  apart. 

If  the  infectious  agent  dies  out  early  the  small  amount  of 
fibrin  jiresent  may  be  dissolved  and  entirely  disajipear  by  ab- 
sorption  along  with  the  serum  jiresent.  IMore  often  the  fibrin 
IS  abundant  and  organization  of  it  graduallv  takes  jilace.  After 
about  a week  capillaries  begin  to  grow  into  the  filirin  from  the 
subpericardial  capillaries.  They  extend  in  at  right  angles  to 
the  surface  but  form  lateral  anastomoses.  At  the  same  time  the 
hbrobla.sts  begin  to  pro- 
liferate. A few  follow 
the  blood-vessels,  b u t 
most  of  them  form  a 
layer  parallel  with  the 
surface.  At  this  stage 
only  the  upper  part  of 
the  fibrin  can  be  stripped 
off.  The  deeper  layer  is  ^ , 
too  intimately  bound  4/^ 
down  to  the  subperi- 
cardial  tissue. 

As  the  granulation 
tissue  advances  the  fibrin 
gradually  disappears,  al- 
though  small  islands  of 
it  sometimes  persist  here 
and  there  for  a long  time 
and  may  act  as  foreign 
l)odies  and  lead  to  the 
formation  of  giant-cells. 

no,v-fomi«l  Rranulation 
tissue  usually  contains  a few  polymorjilionuclear  and  ondotlioliai 
uikocytes  hut  occasionally  is  infiltrated  with  numerous  Ivmplio- 
c\tes,  mostly  of  the  jilasma-cell  t3q:>e. 

If  little  or  no  fluid  is  present,  so  that  the  visceral  and  parietal 

ohlir”*  '''^''  L?”  o''K™‘2ation  may  result  in  complete 

a t Occasionally  the  fibrin  l.ker^ 

a e so  thick  that  the  process  of  rejiair  ceases  after  a time,  rnder 

Tircaldfie,T“  in  the  rernainins  fibrin, 

as  tlTre  material  may  eventually  he  transformed  info  bone 
as  the  result  of  invasion  and  metaplasia  of  adjoinins  fibroblasts  ’ 


ti  Poricarditis.  Mo.so- 

tholial  colls  still  intact.  Exudation  of  poly- 
inorphonucloar  leukocytes  and  serum,  froin 
which  hbrin  has  formed. 
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^^'heH  niiich  fluid  is  iireseiit  in  tlie  pericardial  cavity  so 
that  the  ridges  and  villi  of  fil)rin  are  kej)t  apart,  the  granu- 
lation tissue  necessarily  s])reads  more  irregularly  since  it  extends 
only  through  the  fibrin  between  and  around  the  spaces.  These 
spaces  may  disapiiear  in  time  if  the  fluid  is  absorbed,  unless 
desquamated  lining  mesothelial  cells  are  present.  If  the}^  are, 
they  multiply  until  they  cover  over  all  the  free  surface  of  the 


h 


Fig.  .324. — Pericardium,  a,  Acute  fibrinous  pericarditis;  h,  fibrous  tags  or 
aflhesions  resulting  from  organization  of  fibrin  due  to  an  acute  pericarditis. 

fibrin.  In  this  way  gland-like  cavities  and  small  cysts  are  often 
formetl  in  the  granulation  tissue  and  persist  later  in  the  dense 
scar  fisstie  which  eventually  results  from  the  contraction  of 
th(!  collagen  fibrils  in  the  granulation  tissue,  and  from  the  atrophy 
and  disappeartince  of  tlu'  blood-vessels. 

Dense  pericardial  adhesions  must  interfere  seriously  with 
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the  heart’s  action.  Freciuently,  hut  not  ahva3's,  they  lead  to  its 
h.vpertroi)h}\ 

Tuberculous  Pericarditis. — The  tuix'rele  l)aeilhis  causes  in  the 
I)ericar(lial  cavit.y  two  different  types  of  lesions  which  are  some- 
times combined,  in  vaiying  jiroi^ortions,  just  as  miliary  tubercles 
and  tuberculous  pneumonia  often  coexist  in  the  lung. 

In  the  one  type,  miliary  tubercles  are  formetl  in  the  sub- 
pericardial  tissue  and  project  to  some  extent  into  the  pericardial 
cavity.  The}^  are  often  due,  in  jiart  at  least,  to  distribution  of 
tubercle  bacilli  through  the  hunjihatics. 

In  the  other  type  the  bacilli  gain  access  from  such  miliary 
tubercles,  or  from  lesions  adjoining  the  iiericardium,  to  the  pericar- 
dial cavity  and  cause  an  abundant  fibrinous  type  of  inflammatory 
exudation.  In  the  course  of  time  organization  of  the  fibrin  begins 
and  prop-esses.  Wherever  tubercle  bacilli  are  enclosed  in  the 
granulation  tissue  thus  formed  thej^  cause  the  production  of 
miliary  and  conglomerate  tubercles.  As  the  process  is  alwa3-s 
chronic  a,nd  progressive  a ffyer  a centimeter  or  more  in  thickness 
IS  sometimes  formed,  composed  of  granulation  tissue  studded 
with  tubercles  and  covered  with  a layer  of  fibrin  and  leukocytes. 


ENDOCARDIUM 

Anatomy.— The  endocardium  lines  the  cavities  of  the  heart 
and  forms  the  valves.  It  corres}ionds  to  the  intima  of  the  blood- 
vessels and  is  really  the  continuation  into  the  heart  of  that 
structure  in  the  large  blood-vessels.  It  consists  of  a lining  of 
endothelial  cells  which  rest  on  a layer  of  connective  tissue  of  vary- 
ing thickness.  This  connective  tissue  contains  elastic  fibers  and  in 
places  includes  smooth  muscle-cells,  but  no  blood-vessels.  Con- 
sequently all  the  cells  forming  the  endocardium  are  nourished  bv 
imbiliition. 

Toxic  Endocarditis. — The  endocardium  of  the  heart  is  ex- 
posed to  the  effects  of  toxins  of  various  sorts  circulating  in  the 
l)lood,  and  to  disturbances  of  nutrition  in  the  same  way  that 
the  intiina  of  the  blood-vessels  is,  and  reacts  in  the  same  way 
Observation  shows  that  certain  parts  of  the  endocardium,  like 
certain  parts  of  the  vascular  intima,  arc  more  sensitive  to  injuri- 
ous influences  than  others.  Thus,  the  endocardium  of  the  valves 
is  much  more  often  affected  than  the  endocardium  lining  the 
cavities,  and  the  aortic  valve  more  often  than  the  mitral  or  other 
valves  Possibly  the  nature  of  the  work  which  they  perform  has 
something  to  do  with  this. 

Toxic  endocarditis  is  a chronic  process.  The  lesions  at  first 
are  slight,  but  they  tend  to  iiersist  and  progress  or  to  recur  ddiey 
are  much  more  prominent  in  their  late  than  in  their  early  stage. 
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They  affect  most  commonly  the  aortic  valve,  l)ut  may  involve 
the  mitral,  much  less  often  the  pulmonary  and  tricuspid  valves. 

The  nature  of  the  toxic  lesions  in  the  endocardium  is  similar 
to  that  which  occurs  so  commonly  in  the  blood-vessels  and  is 
included  under  the  term  arteriosclerosis.  It  consists  of  injury  to 
the  subendothelial  fibroblasts  and  of  the  accumulation  of  fac-drop- 
lets  in  the  cytoplasm  of  these  cells.  The  lesion  is  usually  toxic 
in  origin,  but  disturbances  of  nutrition  may  i)lay  a part. 

If  the  fibroblasts  containing  fat  undergo  necrosis,  endothelial 
leukocytes  are  attracted  and  digest  the  necrotic  cells  and  incorpor- 
ate the  fat.  The  fibroblasts  destroj^ed  in  this  way  may  be  replaced 
by  regeneration  and  the  process  proceed  no  farther.  Frequent  1}% 
however,  the  lesion  progresses.  More  fibroblasts  are  destroyed  and 
a greater  number  of  endothelial  leukocytes  are  attracted.  As 
they  use  up  ])art  of  the  nutrition  which  reaches  the  site  involved 
other  filiroblasts  and  even  some  of  the  leukocytes  may  undergo 
necrosis.  From  the  fat  derived  from  the  necrotic  leukocytes, 
fatty  acid  and  cholesterin  crystals  are  frequently  formed.  These 
crystals  often  act  as  foreign  bodies  and  may  lead  to  the  forma- 
tion of  giant-cells  by  fusion  of  endothelial  leukocytes.  Lime-salts 
may  be  attracted  anfl  result  in  calcification  of  the  necrotic  mate- 
rial, or  by  regeneration  of  fibroblasts  the  affected  area  may  in  time 
be  restored  more  or  less  perfectly  to  its  former  condition. 

If  the  injury  is  severe  the  lining  endothelium  is  often  destroyed 
along  with  the  subendothelial  fibroblasts.  In  such  instances  the 
lesion  is  often  complicated  by  the  formation  of  fil)rin  on  the  surface. 
When  this  takes  place  on  a valve  it  is  commonly  spoken  of  as 
a vegetation.  It  may  be  large  or  small.  The  fibrin  may  l)e  formed 
at  one  site  only  or  at  several.  Fibrin  formation  is  likely  to  con- 
tinue until  endothelial  cells  growing  in  at  the  peri]ihery  cover 
over  the  whole  surface.  At  the  same  time  the  fibroblasts  at  the 
base  of  the  fibrin  are  actively  stimulated  to  proliferate  and 
gradually  infiltrate  and  replace  (organize)  the  fibrin.  In  this 
way  a valve  may  be  thickened,  or  its  cusps  united  to  each  other, 
('ontraction  later  may  lead  to  stenosis  or  insufficiency  of  the 
valve  or  to  both.  The  result  is  interference  with  the  functional 
activity  of  the  valves,  which  causes  more  work  to  be  thrown  on 
the  heart.  The  walls  of  the  cavities  may  weaken  and  dilate, 
to  be  followed  by  increase  in  the  size  of  the  muscle-fibers  and 
consecpient  hyj)ertrophy  of  the  heart. 

Infectious  Endocarditis 

Introduction. — Infectious  endocarditis  is  more  common  than 
the  toxic  variety  and,  in  its  earl}"  stages,  is  much  more  important. 
The  process  may  run  a very  rapid  course  and  terminate  fatally, 
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or  persist  for  a loHR  time,  or  undergo  repair  and  result  in  more  or 
less  complete  recovery.  In  infectious  endocarditis  there  ahvavs 
occurs  a toxemia  ami  usually  a septicemia 

Micro-organisms.-The  organisms  most  commonly  concerned 

lanceoiXs'' or''t\,^^‘  ‘l  P.vogenes,  the  di,,lococcus 

aiceolatus  oi  the  staphylococcus  aureus,  Ie.55  often  the  gono- 
coccus, and  various  other  infectious  agents,  including  the  Irep 
onema  j idemifyeyejy 

ifect  ous  agent  which  may  occasionally  jiroduce  endocimdifis.  ' 
e number  of  organisms  concerned  in  the  production  of  a 
given  lesion  on  a valve  may  be  small  or  it  may  bo  verria  ge 

In  many  instances  the  infecting  bacteria  grow 'in  solid  massts' 
like  colonies  m a culture  tube.  masses, 

Source  of  Micro-organisms.— Acute  infectious  endocarditis  is 

in  tiie\X'''''r^t^''  infectious  process  somewhere  else 

ceinia  is  nf^fr  ’^^ood  have  shown  that  a septi- 

cemia IS  of  frequent,  or  even  of  constant,  occurrence  in  connee 

tion  vith  certain  acute  infections.  Such  a septicemia  m^ 

urethritis,  septicemia,  arthri  is,  en  locanhtL““fcr 
Pvoo-enes-  ton^Jlinio  L ^naocamitis,  (c)  streptococcus 

of  Tnf  P ' septicemia,  endocarditis,  arthritis. 

mitral  and  aortic  valves), ‘rarely  tC  of’idl 

valves ^noTluAhe  apposition  of  the 

the  line  of  appositioiro ^Ginam  shaiply  localized  along 

neiion  to  the  endocar.lium  lining  the  auricular  aird  yentrh.ular 

passeTimo~«rnAhcuh  c"'""-  .‘'m  l>ncteria 

over  the  bodv  ami  iirml  “*  foxeima.  It  is  carried  all 

reaction.  Some  of  the  t ? certain  amount  of  injury  and 

on  which  the  bacteria  L l™  ?;  ""T"’ 

nactena  are  located  and  causes  degeneration,  and  in 
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many  instances  necrosis.  The  injury  thus  ])roduced  may  be  slight 
and  superticial  or  extend  deep  into  the  tissue,  boinetiines  the 
infecting'  organisms  invade  the  tissue  of  the  valve  and  even  the 
adjoining  myocardium  or  other  adjoining  tissues,  causing  exten- 
sive necrosis  and  diffuse  suppuration  or  abscess  formation.  Per- 
foration of  a valve  flap  is  a common  result  and  severance  of  chordae 
tendinese  sometimes  occurs.  These  different  effects  depend  on  the 
nature  of  the  infectious  organism  and  on  its  degree  of  virulence. 


Fig.  325. — Heart.  Acute  vegetative  endocarditis.  Masses  of  living  cocci  at 

surface.  M. 

Local  Reaction.— Often  there  is  little  or  no  reaction  around 
the  organisms  on  a valve.  A vegetation  may  be  composed  of  a 
solid  mass  of  dead  and  living  bacteria  without  admixture  of 
fibrin  or  leukocytes,  although  both  may,  of  course,  lie  deposited 
on  the  free  surface  of  the  mass  postmortem.  Blood  platelets 
are  often  deposited  in  great  numbers  in  the  same  way.  If,  how- 
ever, necrosis  of  the  underlying  tissue  has  occurred  then  many 
])olymorphonuclear  leukocytes  usually  migrate  into  the  necrotic 
ti.ssue,  or  line  up  in  masses  at  its  edge.  Occasionalh"  they 
incorporate  in  large  numbers  the  bacteria  present.  If  the 
infecting  organism  is  not  very  virulent,  many  endothelial  leuko- 
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cytes  may  be  present  in  the  exiulatiun;  occasionally  some  of  tliem 
fonn  iaige  multmucleatecl  cells  by  direct  division  of  the  nucleus 

abun/hnr‘''m;"*‘‘''*  ‘-.vtoplasm.  Occasionally  an 

. nmdant  infiltration  with  lymphocytes'  and  plasma-cells  occurs 
in  the  neighborhood  of  the  necrotic  tissue. 

Sometimes  the  organisms  on  a valve  may  be  few  in  ninnlier 


Fig.  .32(5.— Acute  endocarditis,  due  to  tlie  .streptococcus 


pj'ogenes. 


M. 


f™™  tl'o  oritan- 

accordino-  to  if'*  T ”*^*1  * ‘’"'‘’'‘*‘‘*'0“  produces  toxemia  and 

Sr££-3:~ 

common  result.  ' ‘ ® veins  is  a 

Bc-side,s  the  toxemia  two  other  po.ssil,ilities  are  always  threaten- 
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ing;.  Organisms  may  at  any  time  be  swept  into  the  iilood  stream 
causing  a septicemia,  and  are  tlien  lialile  at  any  time  to  produce 
other  lesions  such  as  abscesses,  etc.;  or  large  masses  of  organisms 
and  fibrin  may  be  broken  off  and  be  carried  as  septic  emboli  to 
block  small  vessels  elsewhere  in  the  body,  and  thus  lead  to  sejitic 
infarctions  or  other  lesions. 

Gross  Appearance.— The  gross  appearance  presented  by  the 
lesion  of  acute  endocarditis  varies  greatly.  It  may  appear  in  the 
form  of  minute  granulations,  of  large  vegetations,  of  ulcerations  and 
perforations,  or  as  combinations  of  all  these  forms.  ]\Iuch  depends 
on  the  nature  and  virulence  of  the  infecting  organism.  The 
micrococcus  lanceolatus  usually  causes  vegetative  endocarditis; 
the  staphylococcus  aureus  the  ulcerative  form;  while  the  strepto- 
coccus pyogenes  and  the  gonococcus  may  produce  either  type  of 
lesion. 

Microscopically,  the  bacteria  usually  tend  to  grow  in  masses 
or  colonies  just  as  they  do  in  a test-tube  on  an  artificial  medium. 
The  surface  adjoining  the  circulating  blood  shows  the  bacteria 
well  preserved  and  multiplying.  Farther  back  towards  the  tissue 
on  which  they  rest  they  receive  less  nutrition  and  hence  gradually 

die  off. 

Duration  and  Termination.— The  duration  of  infectious  endo- 
carditis varies  widely  according  to  the  tyi^e  and  virulence  of 
the  organism.  If  the  organisms  multiply  rapidly  and  pio- 
duce  much  toxin  death  may  result  in  a few  days.  In  other  in- 
stances death  occurs  after  days  to  weeks,  chiefly  as  the  result 
of  secondary  lesions  produced  in  the  kidneys  by  the  elimination 
of  the  toxins  in  the  circulation.  In  still  other  instances  the  organ- 
isms are  only  slightly  virulent,  but  very  persistent  so  that  death 
follows  only  after  many  months  as  the  result  of  a variety  of  lesions 
in  the  heart  and  often  elsewhere  in  the  body.  With  some  organ- 
isms, such  as  the  treponema  pallidum  and  the  tubercle  bacillus, 
the  duration  is  by  nature  chronic,  Viecause  the  organisms  persist 
and  do  not  produce  a toxin  strong  enough  to  cause  death. 

Repair. — Repair  takes  place  in  endocarditis  just  as  in  patho- 
logic processes  elsewhere  in  the  body,  if  the  lesion  persists  a certain 
length  of  time  or  if  the  infecting  organism  dies  out.  Inasmuch, 
however,  as  no  blood-vessels  are  present  normally  in  the  valves, 
repair  involves  regeneration  of  fibrolilasts  onl}",  as  in  the  cornea, 
unless  the  lesion  has  been  extensive  enough  to  involve  (lirectly 
or  indirectly  the  capillaries  in  the  adjoining  tissues.  Under  these 
conditions  an  outgrowth  of  young  blood-vessels  may  occur  and 
granulation  tissue  be  formed. 

Tlu‘  process  of  rejiair  includes  the  removal  of  the  necroRc 
organisms  by  solution  and  absorption,  the  organization  of  fibrin, 
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usually  I)}'  fihrol)lasts  onl}',  the  regeneration  of 
tissue  destroyed,  and  the  growth  of  endothelial 
injured  surface. 


the  coimeetivo 
cells  over  the 


1 he  common  results  of  repair  of  the  lesion  of  endocarditis 
are  tlnckenmg,  shortening  and  interadherence  of  valve  curtains 
and  chorcte  temlineaB  so  that  the  normal  function  of  the  valves  is 
interfered  with.  The  valve  orifice  is  narrowed  and  the  curtains 
no  longer  meet  in  apposition.  The  physiologic  results  are  in- 
competence of  the  valves,  regurgitation  of  the  blood,  and  increased 
work  thrown  on  the  heart. 


Fis.  .327.— Heart.  Fibrous  mass  containing  fibrin  on  surface  of  valve  as  n>snlf 
of  organization  of  fibrin  due  to  acute  endocardiul  ^ 


Fiequently  the  pro(;e.ss  of  repair  is  not  jierfect.  The  dead 
organisms  and  the  fibrin  may  not  be  entirely  removed  Ui  Zr 

oflldSZ.*"'"  fo-  ™-es 

Treponema  Pallidum.— Endocar<litis  due  to  the  treixmemi 
p.allidum  rescmhlcs  more  closely  toxic  endocarditis  th.an  it  does 

the  nTrofcT"  f f'Kltx’-wlitis-  This  is  due  to 

does  ^ ‘ ‘■'Kfiit  and  to  the  reaction  to  it.  It 

thT  sh  I"  surface  of  the  valves  in  the  wav 

tissue  ^nd  ‘ ‘"fi'Ptttes  the  suhendothelial  connective 
consfst“u  , r a slow  chronic  type  of  infl.a, amatory  reaction! 
o+ivo  ^ infiltration  with  leukocytes  and  renar 

at.ve  prohferat.on  of  fibroblasts.  If  necrosis  occurs,  infiltXr 
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with  endothelial  and  iiolymorphonuclear  leukocytes  follows,  and 
much  filirin  ma}'  form  on  the  surface  and  lead  later  to  organization, 
and  an  ingrowth  of  blood-vessels  ma}"  occur  as  a result  of  necrosis. 

End  Results:  Sclerosis  of  Valves. — It  is  aiijiarent  from  the 
description  of  toxic  and  infectious  endocarditis  that  both  t^'pes  of 
lesions  may  terminate  in  rejiair,  and  that  both  may  jiresent  as  the 
end  result  a sclerosis  of  the  valve  affected.  The  sclerosis  shows 
as  thickening  and  shortening  of  the  valve  curtains  whicli  may 
be  interadherent.  The  chordae  tendineaB  may  present  similar 
changes.  The  lesion  may  be  com])licated  liy  calcification.  The 
term  chronic  endocarditis  is  often  aiijilied  to  this  end  result, 
although  sclerosis  is  preferable. 

To  state  in  a given  instance  whether  a sclerosed  valve  owes  its 
origin  to  a toxic  or  to  an  infectious  jirocess  is  not  easy.  Two  ]ioints 
may  help:  the  valve  affected,  and  the  other  lesions  present  in  the 
body.  They  must  be  taken  into  careful  consideration.  Sclerosis 
of  the  mitral  valve  is  usually  due  to  an  infectious  process,  of 
the  aortic  valve  to  toxic  endocarditis  (arteriosclerosis).  Lesions 
in  early  life  are  usually  infectious  in  origin;  late  in  life  toxic  in 
origin. 

Physiologic  Effect. — Injur}-  to  the  valves  of  the  heart  may 
jiroduce  very  serious  functional  disturliances  although  the  original 
lesion  may  have  healed.  Steno.sis  or  insufficiency  of  a valve 
throws  increased  work  on  the  heart  and  usually  leads  to  dilatation 
and  hypertro]ihy.  Chronic  passive  congestion  of  the  various 
organs  of  the  l)ody  is  a common  sequence. 

MYOCARDIUM 

Introduction. — Many  of  the  various  retrograde  jirocesses  already 
described  from  the  general  jioint  of  view  may  affect  the  1113-0- 
cardiuni.  Here  we  are  concerned  only  with  their  appearance  and 
.significance  in  this  tissue. 

Albuminous  Granules. — In  certain  acute  infectious  diseases  the 
m3-ocardium  on  section  at  ])ostmorteni  examination  sometimes  ap- 
pears cloud}-,  ddie  same  appearance  may  be  jiroduced  by  post- 
mortem changes,  esiiecially  during  hot  summer  weather.  It  may 
be  that  in  these  acute  infectious  processes,  usually  coniliined  with 
high  temperature,  the  cloudy  appearance  is  due  to  rapid  ]iost- 
mortem  changes. 

In  stained  preparations  of  myocardium  properly  fixed  within  one 
to  two  hours  after  death  from  typhoid  fever,  lobar  pneumonia,  and 
similar  diseases  the  striations  are  perfectly  jireserved,  the  sarcous 
elements  are  distinct,  and  no  albuminous  granules  can  be  denion- 
.strated  except  those  normally  present  in  the  muscle  cytoplasm 
adjoining  the  nuclei.  In  myocardium  iioorly  fixed,  or  jireserved 
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after  postmortem  changes  have  begun,  the  sareoiis  elements  (aniso- 
trojiic  segments)  are  fragmented  aiul  appear  as  granular  debris. 

In  dijihtheiia  and  a few  other  infectious  jirocesses  accompanied 
by  much  toxemia,  necrosis  of  muscle-fibers  often  occurs  diffusely 
or  m foci.  The  necrosis  is  sometimes  preceded  hy  an  accumulation 
of  fine  and  coarse  granules,  apparently  albuminous  in  nature  and 
possibly  all  derived  from  the  sarcous  elements,  in  the  fibers.  Later, 
these  gianules  may  fuse  into  h}’'aline  nia.sses  of  im^gular  shajies 
and  various  sizes.  Under  these  conditions  the  granules  in  the 
muscle-fibers  have  some  significance. 

In  conclusion  it  seems  reasonable  to  claim  that  cloudiness  of 
the  m3'ocardiuin,  unaccompanied  b^/  the  presence  of  necrosis  or  fat 
has  little  or  no  significance.  ’ 

Hydrops.  Edema  of  the  muscle-fibers  shows  itself  most  com- 
moiily  m the  cytoplasm  around  the  nucleus:  the  fibers  often  aj)pear 
hollow.  At  other  times  the  edema  appears  as  vacuoles  se]:>arating 
the  longitudinal  striations. 

Hydrops  of  the  myocardial  fibers  is  probablv  of  not  much  sig- 
nificance, although  sometimes  marked.  It  is  of  common  occurrence 
m connection  with  necrosis  of  muscle-fibers  following  embolism  and 
thrombosis. 

Fat— hat  may  occur  in  the  nnmcardium  in  the  form  of  fine  to 
coarse  drojilets,  usually  ver^'  evenly  distributed  between  the  longi- 
tudinal fibrils.  A hen  the  dro]dets  are  large  the  fibrils  are  often 
pushed  apart. 

Fat  is  of  common  occurrence  in  the  myocardial  fibers  in  general 
anemia  from  all  causes.  It  may  also  aj^pear  locally  as  the  result  of 
esions  111  liranches  of  the  coronary  arteries,  causing  more  or  less 
complete  occlusion  of  them  and  diminishing  the  local  blood  supply. 

Fat  appears  frequently  as  the  result  of  toxins  which  may  be  due 
o the  immediate  presence  of  bacteria  in  the  myocardium  as  in  in- 
ectious  myocarditis  or  to  a toxemia  due  to  ab.sor])tion  of  toxin 
om  bacteria  or  other  infectious  agents  elsewhere  in  the  body 
thus  fat  IS  present  m large  amount  in  those  toxemias  which  pro- 
duce necrosis  of  heart-muscle  (toxic  myocarditis)  as  sometimes 
occurs  in  diphtheria  and  in  a few  other  infectious  jirocesscs 

isho  1 ntu  fdPearance  in  visible  form  because  of  dimin- 

shed  utilization  (oxidation)  of  the  fat  normallv  brought  to  the 

fercmt Vmses  TT  accumulates  as  the  result  of  two  dif- 

mnt  causes,  (a)  di.sturbance  of  nutrition  and  (b)  toxemia  The 

t eh”lin  niuscle-fibei’^has  of 

an,  ■omOTo.T'ir'"'''''  utilized 

it)  , • '*P'“l>urtanee  pafholosicnlly  lies  in  the  evidence 

- - H* 


424 


PATHOLOGIC  HISTOLOGY 


Fat  in  the  muscle-fibers  causes  more  or  less  cloudiness  and 
opacity,  and  a whitish  to  yellowish  white  ajipearance  depending 
on  the  amount  present.  Congestion  may  comidetel}"  mask  it  unless 
the  blood  is  thoroughly  washed  from  the  cut  surface  with  normal 
salt  solution. 

The  fat  may  be  distributed  in  the  muscle-fibers  fairly  uniformly 

throughout  the  heart,  or 
occur  more  or  less  focally 
or  in  certain  localities,  as, 
for  exam]^le,  in  the  pa]iillai\y 
muscles  of  the  left  ventricle. 
It  frequently  accumulates 
in  the  muscle-fibers  farthest 
from  the  arterial  blood 
supply  just  as  occurs  so 
commonly  in  the  liver.  The 
result  is  a uniformly  mottled 
or  layered  (so-called  tiger 
lily)  appearance.  This 
mottled  arrangement  is  due 
to  two  causes,  to  normal 
muscle-fibers  around  the  small  arteries,  while  the  fibers  at  a 
short  distance  contain  fat,  and  to  the  manner  of  distribution  of 
the  smaller  arteries  which  run  irregularly  transversely  to  the  muscle- 
bundles  of  the  heart. 


' ^ ^ 7 ' • • ■> 

FA*  - ' * , . ^ 


^■1  **»  % ^ 


.•L  ' 


Fig.  32S. — Heart.  Arteriosclerosis, 

thrombosis,  softening,  rupturt'.  Infiltra- 
tion of  necrotic  muscle  by  polymorphonu- 
clear luekocytes. 


Fig.  .329. — Heart.  Necrosis  of  muscle-fibers. 


Sometimes  fat  is  abundant  and  prominent  in  the  muscle-cells 
just  beneath  the  epicardium  when  acute  pericarditis  is  present.  It 
is  probably  due  to  local  diffusion  of  toxin  from  the  adjoining  in- 
fectious process.  The  fat  containing  fillers  may  appear  as  a yellow- 
ish white,  opaque  lini^  0..5  to  one  mm.  wide. 

Necrosis. — Necrosis  of  muscle-fibers  in  the  myocardium  may 
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occur  from  cutting  oft  the  blood  sujiply  coni|:)lotely  by  embolism 
or  thromliosis  followed  by  infarction,  or  partially  as  tlie  result  of 
nai  rowing  of  the  hnnina  of  arteries  by  thrombosis,  or  in  conseijuence 


tif?.  3.30.  Heart.  Necrosis  of  muscle-fibers.  Invasion  by  endothelial  leu- 
cocytes which  have  dis.solve(I  some  of  the  fibers. 


1 V 


lug.  331.-Heart.  Infectious  myocarditis.  More  than  half  of  the  cells  are 
eosinophiles;  the  rest  are  lymphocytes.  M. 

follow  tho  effect  of  .umrnble  toxins 

fectious  "lo-oiit' 1™'”  W'®  i'nnicdiate  presence  of  in- 
lections  agents  (infectious  myocarditis). 
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The  necrosis  may  affect  large  areas  of  muscle-fibers,  or  small 
groups  of  them,  or  single  fibers  here  and  there.  The  necrotic  fibers 
may  retain  their  form  and  striations,  or  become  perfectly  homo- 
geneous. Sometimes  the  sarcous  elements  (anisotropic  elements) 
fuse  together  irregularly,  producing  bizarre  figures  which  in  places 
suggest  a hyaline  reticulum  or  they  fragment  into  small  and 
large  granules. 

The  necrosis  may  be  produced  suddenly  as  in  an  infarct  or 
slowly  as  in  toxic  conditions.  When  introduced  slowly,  the  fibers 
may  contain  much  fat  in  the  form  of  small  or  large  droi)lets. 


Fig.  .3.32. — Heart..  Area  of  sclerosis  due  to  necrosis  and  disappearance  of  the 
muscle-fibers.  The  fibroblasts  and  blood-vessels  were  not  injureti.  M. 


The  necrotic  fibers  attract  jtolymorphonuclear  and  endothelial 
leukocytes,  sometimes  the  one,  sometimes  the  other.  The  leuko- 
cytes invade  the  fibers  and  cpiickly  dissolve  and  remove  them, 
esjtecially  when  the  necrosis  is  diffuse  and  the  intervening  blood- 
ves.sels  are  uninjured,  ddie  jtrocess  is  often  accomjtanied  by  a mort' 
or  less  extensive  and  diffuse  infiltration  with  lym])hoc3'tes  and 
occasionally  with  numerous  eosino])hiles.  In  infarctions  the 
iK'crotic  muscle  is  rtunoved  much  more  slowly,  because  it  can  be 
attacked  only  from  tlu^  perij)h('ry. 
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Total  ilestruction  of  myocardial  tissue  is  followed  by  the  for- 
mation of  granulation  tissue  which  eventuall}^  is  reduced  to  scar 
tissue.  When  only  the  muscle-fibers  in  a given  location  are  de- 
stroyed the  l)lood-vessels  and  connective  tissue  left  behind  shrink 
together  so  that  highly  vascularized  foci  of  connective  tissue  result; 
they  are  not  new-formed  although  they  suggest  granulation  tissue. 
In  time  by  the  gradual  disappearance  of  maii}^  of  the  blood-vessels 
these  foci  may  resemble  scar  tissue. 

Calcification. — Calcification  of  muscle-fibers  is  rare,  but  some- 
times occurs  esiiecially  following  poisoning  by  corrosive  sublimate. 
It  appears  as  yellowish  white  streaks  in  the  painllary  muscles  and 
in  the  walls  of  the  ventricles.  In  the  fibers  least  affected  a deposit 
of  fine  granules  of  lime-salts  is  present  arranged  like  fat-drojffets 
between  the  longitudinal  fibrils.  The  granules  may  fuse  into  solid 
masses.  Necrosis  seems  alwa3^s  to  precede  the  lime  deposit,  but 
certainl}%  as  a rule,  necrotic  muscle-fibers  in  the  heart  do  not 
attract  lime-salts.  Probabl}^  fat  in  some  form  is  the  active  agent 
when  the  deposition  does  take  place. 

When  endocarditis  is  produced  experimentally  in  rabbits 
through  the  agency  of  the  streptococcus  jiyogenes,  calcification  of 
muscle-fibers  is  of  common  occurrence. 

Atrophy. — ^Normally  in  old  age  and  pathologically  in  emacia- 
tion from  starvation,  cancer,  and  other  causes,  the  heart  diminishes 
in  size  by  disappearance  of  its  fat-cells  and  by  atrophy  of  its  muscle- 
fibers.  It  may  weigh  less  than  half  of  what  it  should.  The  muscle- 
fibers  become  considerably  more  slender  than  under  normal  con- 
ditions owing  to  atrophy  of  the  fibrils;  many  of  those  in  the  centers 
of  the  fibers  seem  to  disappear.  The  longitudinal  striations  are 
distinct  but  delicate.  The  cross  striations  are  hardl}^  visible 
because  the  sarcous  elements  are  veyv  minute. 

The  pigment  granules  situated  in  the  cytoplasm  at  the  ends  of 
the  nuclei  begin  to  apjoear  towards  the  age  of  ten  3'ears  and  gradu- 
ally increase  in  amount  with  age.  When  the  heart  undergoes 
atrojdiy  the  relative  amount  of  ingment  may  be  doubled,  so  that 
the  heart  seems  more  dee]dy  pigmented  than  normally.  On  this 
account  the  term  lirown  atrophy  is  often  used,  but  it  is  extremely 
cloulitful  if  there  is  an}'  actual  increase  of  pigment  in  the  lieart- 
filiers  under  these  conditions. 

_ _ The  muscle-fibers  sometimes  undergo  atrophy  as  the  result  of 
injury.  This  condition  is  best  seen  occasionally  in  the  fibers  ad- 
joining the  epicardium  when  there  has  been  a severe  pericarditis. 
Ihe  fibers  in  this  situation,  as  already  mentioned,  are  likely  to 
contain  numerous  fat-droplets.  Frequently  many  of  the  fibrils  are 
partly  to  completely  destroyed.  After  repair  has  taken  place  many 
of  the  remaining  fibers  are  tliminished  to  half  the  normal  diameter 
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or  even  less.  Occasionally  the  muscle  nuclei  show  evidence  of 
direct  division.  This  fact  seems  to  indicate  that  partial  regenera- 
tion of  injured'  heart  muscle-fibers  is  possible  just  as  in  the  case  of 
skeletal  muscle-fibers. 

Disturbances  of  Circulation. — The  terminal  branches  of  the 
coronary  arteries  of  the  heart  are  end  arteries,  but  the  areas  sup- 
jilied  by  them  are  not  absolutely  cut  off  from  each  other;  fine 
Iieripheral  anastomoses  exist  between  the  separate  areas. 

Of  the  different  arteries  the  descending  branch  of  the  left  cor- 
onary is  the  most  important. 

The  heart  may  be  affected  by  general  or  by  focal  disturbances 
of  circulation.  The  latter  are  much  the  more  important.  The 
general  disturliances  include  both  congestion  and  anemia. 


Fig.  333. — Heart.  Chronic  passive  congestion. 


Congestion  leads  to  no  changes  in  the  muscle-fibers  except  that 
when  congestion  liecomes  chronic  the  filters  may  become  edema- 
tous and  vacuolated. 

Ceneral  anemia  is  more  important  than  congestion  because  it 
may  affect  the  nutrition  of  the  myocardium.  In  acute  anemia  from 
hemorrhage  or  other  cause  the  myocardium  appears  jtale  but  not 
cloudy.  In  chronic  anemia  much  fat  is  usually  present  in  the 
muscle-fibers  in  the  form  of  fine  to  coarse  droplets,  but  there  is  no 
increase  of  albuminous  granules  and  no  necrosis.  Small  hemor- 
rhages may  occur.  Recovery  from  the  condition  jirobably  can 
take  place  if  the  cause  of  the  anemia  is  removed. 

Local  Anemia. — Local  anemia  is  very  much  more  important 
than  general  anemia  because  it  usually  results  in  destruction  of 
muscle-fibers  and  thereby  affects  injuriously  the  action  of  the  heart. 
It  depends  on  interference  with  the  circulation  through  the  coro- 
nary arteries  or  their  liranches.  Obstruction  is  usually  caused  by 
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an  embolus  or  more  often  by  thrombus  formation.  Arteriosclerosis 
frequently  plays  an  important  part  as  the  lesion  which  most  often 
leads  to  the  formation  of  thrombi.  Acute  infectious  lesions  of  the 
blood-vessels  may,  however,  produce  the  same  effect  in  the  same 
way,  by  causing  thrombus  formation. 

Local  anemia  may  be  produced  suddenly  or  slowly,  comj)letely 
or  only  jiartially.  The  effect  iiroduced  varies  accordingl3L 

Complete  local  anemia  results  in  infarction.  It  is  usualh^  pro- 
duced suddenly  by  an  embolus,  or  slowly  by  thrombosis.  Partial 
anemia  is  generally  due  to  thrombus  formation,  but  may  be  due  to 
arteriosclerosis  alone. 

\\  hen  infarction  has  occurred  the  muscle-fibers  and  all  the  in- 
tervening connective  tissue  and  l)lood-vessels  undergo  necrosis. 
Following  the  necrosis  an  inflammatory  exudation  takes  jilace  at 
the  periphery  of  the  infarction,  and  regeneration  of  fibroblasts  and 
vascular  endothelium  starts  up.  In  the  course  of  time  the  necrotic 
material  is  dissolved  and  removed  and  the  granulation  tissue  re- 
sulting from  regeneration  contracts  and  persists  as  scar  tissue. 

Infarcts  occur  most  commonly  in  the  papillary  muscles  and  in 
the  wall  of  the  left  ventricle,  especially  in  the  interventricular 
seiAum.  ^ They  involve  chiefly  the  central  or  deeper  layer  of  the 
myocardium  and  rarely  extend  to  the  endocardium  or  i)ericardium. 
The  occluded  artery  always  lies  outside  of  the  infarcted  area.  At 
the  edge  of  the  infarction  there  is  marked  li3qDercmia  and  usually 
more  or  less  hemorrhage.  The  abutting  muscle-fibers  contain 
much  fat. 

When  local  anemia  is  partial  only,  the  amount  of  oxygen  and 
nutiition  supjilied  to  the  tissue  is  diminished.  As  a result  man}''  or 
all  of  the  muscle-fibers  degenerate  and  slowly  disap]:>ear,  or  undergo 
necrosis  and  are  removed  by  the  action  of  the  endothelial  leuko- 
cytes attracted  to  them.  The  lilood-vessels  and  fibroblasts  being 
moie  resistant  usually  persist.  The  result  is  very  vascular  foci  of 
connective  tissue  Avhich  resemble  to  some  extent  granulation  tissue, 
but  are  not  new-formed.  In  time,  however,  the  blood-vessels  atro- 
phy and  the  connective  tissue  shrinks  so  that  the  resulting  fibrous 
tissue  close!}"  resembles  scar  tissue. 

Scleroses  originating  in  this  way  are  usually  very  irregularly  dis- 
tributed and  may  have  muscle-fibers  scattered  singly  or  in  smaller 
or  larger  groups  all  through  them.  The  fibers  are  usually  preserved 
a so  around  the  larger  veins  and  beneath  the  endocardium,  prob- 
al)ly  because  nutrition  reaches  them  by  direct  diffusion.  Scleroses 

of  this  type  are  probably  of  more  common  occurrence  than  is  gen- 
erally supposed. 

Ordinarily  an  infarct  of  the  heart  terminates  in  a small  mass  of 
scar  tissue.  Sometimes,  however,  if  the  infarcted  area  is  large  the 
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resulting  softening  of  the  necrotic  tissue  (niyomalncia)  in  the  proc- 
ess of  rejiair  may  lead  to  rupture  of  the  heart  wall. 

Rarely  the  scar  tissue  resulting  from  repair  of  an  infarct  is  not 
strong  enough  to  withstand  the  strain  of  the  heart’s  action  and 
gradually  yields  and  forms  an  aneurysm.  This  aneurysm  may 
ru])ture  or  a thrombus  may  form  within  it  and  undergo  organ- 
ization. 

It  is  always  possible  that  an  infarct  may  involve  the  motor- 
exciting tract,  His’s  bundle,  and  cause  the  Adams-Stokes  s^m- 
dronie. 

Toxic  Myocarditis. — Occurrence  and  Cause. — Following  cer- 
tain acute  infectious  diseases,  especially  diphtheria  and  scarlet 


Fig.  .3;34. — Heart.  Aeute  toxic  myocarditis.  Necrosis  of  muscle-fibers; 
infiltration  with  endotlielial  leukocytes. 


fever,  but  occasionally  lobar  pneumonia  and  other  acute  infec- 
tious processes,  an  infiltration  of  the  myocardium  with  leukocytes 
and  lymphocytes  may  occur,  either  alone  or  in  combination  with 
necrosis  of  the  muscle-fibers.  The  lesion  is  rare  except  in  young 
children,  and  is  often  accompanied  by  a similar  lesion  in  the  kidneys. 
It  is  due  apparently  to  the  action  of  soluble  toxins  emanating  from 
the  circulating  blood  and  being  absorbed  through  the  lymph-.s])aces 
and  vessels.  Judging  from  the  effects  ])roduced  the  toxins  vary 
much  in  character  and  strength. 

Injury. — In  some  instances  the  only  injury  produced  is  degen- 
eration of  th(!  muscle-fibers  as  evidenced  by  the  presence  of  fat- 
droplets.  Occasionally,  however,  more  or  less  extensive  necrosis 


ORGANS  OF  CIRCULATION 


431 


of  musc'le-fibers  is  produced,  often  preceded  by  granular  and 
hyaline  changes.  The  necrosis  may  occur  locally  or  diffusely  and 
be  slight  or  extensive  in  amount.  The  nuclei  and  striations  of  the 
muscle-fibers  disapijear,  and  sometimes  the  cytojilasm  assumes  a 
hyaline  appearance. 

Reaction. — The  inflammatory  reaction  to  the  exuded  toxin 
often  consists  of  nothing  but  an  accumulation  of  lymj:)hocytes  in 
the  connective  tissue,  especially  around  the  blood-vessels,  ddie  in- 
filtration may  be  focal  or  diffuse  and  slight  or  very  extensive  in 
degree.  Eosinophiles  are  usually  present  also  in  small  quantities, 
but  occasionally  they  outnumber  the  lymphocytes,  at  least  in  some 
places. 


Fig.  335.— Necrosis  of  cardiac  muscle-fibers.  E.xudation  of  endothelial  leu- 
kocytes. 

If  any  of  the  muscle-filiers  undergo  necrosis  the  reaction  to 
them  is  different.  They  are  invaded  by  polymorjihonuclear  or  by 
endothelial  leukocytes,  or  by  both,  and  are  gradually  dissolved  and 
removed.  Sometimes  the  endothelial  leukocytes  will  be  found  per- 
si.sting  for  a long  time  in  the  spaces  formerly  occupied  b}^  the  muscle- 
fibers. 

The  fibroblasts  and  vascular  endothelium  are  not  injured,  or  at 
least  not  de.stroyed,  by  the  diffusible  toxins,  hence  they  remain 
after  the  muscle-fibers  have  disappeared. 

_ Sometimes  in  typhoid  fever  the  diffusible  toxin  leads  to  accumu- 
ations  of  endothelial  leukocytes  in  con.siderable  numbers  in  the 
lymph-spaces  and  vessels. 
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End  Rcsidt. — After  the  necrotic  cells  have  been  removed  the 
leukocytes  gradually  disajipear,  and  the  connective  tissue  shrinks 
and  contracts.  In  this  way  vascular  foci  of  sclerosis  are  formed, 
although  there  has  been  no  new  formation  of  connective  tissue  or 
blood-vessels. 

Regeneration  of  muscle-cells  in  the  affected  areas  does  not  take 
place,  although  it  is  proliable  that  a general  hyperplasia  of  muscle- 
cells  may  occur  in  young  children  following  recovery. 

Infectious  Myocarditis.  — I?i troduction.  — Infectious  myocar- 
ditis is  the  term  applied  to  those  forms  of  myocarditis  in  which  the 
injurious  agent  is  present  in  the  lesions  produced  by  it.  As  a rule, 
these  lesions  are  focal  in  character. 


Fig.  336. — Heart.  Mass  of  streptococci  occluding  small  blood-vessel 
in  heart.  Necrosis  of  surrounding  muscle-fibers  and  exudation  of  poly- 
morphonuclear leukocytes. 


Micro-organisms. — The  injurious  agents  commonly  present  are 
the  ordinary  pus  organisms,  especially  the  staphylococcus  aureus 
and  the  streptococcus  pyogenes.  Less  often  lesions  are  produced 
by  such  organisms  as  the  tubercle  bacillus,  the  gonococcus,  the 
treponema  pallidum,  the  trichinella  spiralis. 

Manner  of  Infection. — Alost  of  these  organisms  reach  the 
myocardium  through  the  circulation.  Sometimes  they  develop  in 
the  blood-vessels  and  completely  occlude  them.  From  the  vessels 
they  extend  directly  into  the  surrounding  tissue,  and  in  this  way 
gain  entrance  to  the  lymphatics.  Tlie  myocarditis  may  arise  also 
by  direct  extension  from  an  infectious  endocarditis,  less  often  from 
an  acute  {lericarditis.  Rarely  the  infection  is  due  to  invasion  along 
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the  lymphaties  from  tl,e  base  of  tl.e  heart,  t.,  direct  infe<di.m 
thiough  a mechanical  agent  (stab  wound  of  heart). 

/«/«)».— the  injury  caused  by  tlie  infectious  agent  deiiends  on 
be  focl7o,  cliff  ''I-'’ 

closel  iro  u ““"I"'?:  *»  whetlier  the  organisms  remain 

times  th  .‘“fi<'tl'er  or  spread  diffusely  and  rapi.lly.  Some- 

es  the  necrosis  is  very  extensive  ami  is  produced  so  rapidivthat 

only  organisms  are  present  in  it.  There  has  been  no  Time  fo  1 
leukocytic  exudation  to  occur. 


Fig.  337.— Heart. 


Acute  infectious  lesion  in  wall  of  blood-vessel. 


M. 


• ) ^ ^ - frequent  and  often  prominent  Tf  tlm 

“^^wa^l  a.!:^ 

oned  that  it  vieidrto  tT  "n  « so  iveak- 

iK'morrhage  If  the  infoof  rupture  and  give  rise  to 

dies  out  readily  tl  I i ^ organism  is  of  mild  virulence  and 
eaaiiy,  the  injury  may  be  slight 
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Reaction. — The  rcuction  to  the  pus  orgiiiiisiHS  consists  of  nn 
active  inflammatory  exudation  chiefly  of  polymorjihonuclear 
leukocytes.  The  lesion  may  take  the  form  of  abscesses  or  of 
diffuse  suppuration.  The  necrotic  muscle-fibers  are  usually  rapidly 
dissolved. 

By  extension  of  the  inflammatory  process  the  wall  of  the  heart 
may  be  so  weakened  that  it  stretches  and  ruptures,  so  that  the 
blood  escapes  into  the  pericardial  cavity  and  accumulates  there 
until  by  its  pressure  it  stops  the  heart  from  beating. 


Fig.  3.38.— Heart.  Acute  articular  rheumatism.  Inflammatory  lesion  around 

artery.  M. 


When  severe  injury  is  iiroduced  in  the  walls  of  arteries  the 
reaction  consists  oi  an  exudation  of  polymorphonuclear  and  endo- 
thelial leukocvtes  in  varying  proportions;  in  addition  lymphocytes 
are  usually  numerous.  Much  fibrin  is  formed  both  in  the  necrotic 
wall  and  often  extensively  outside  of  it  in  the  loose  perivascular 
tissue.  In  addition  fibrin  is  frequently  deposited  in  the  lumen  of 
th(‘  vessel  as  a thrombus  which  may  partially  or  completely 

il"  . 11  Tallin 

/i’cpntr.-  Infectious  lesions  of  tlio  heart  sometimes  heal.  1 Ins 
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IS  Jiarticularly  true  when  the  injurious  agent  is  only  mildly  virulent 
and  IS  destroyed  as  the  result  of  the  inHaniinatory  reaction  to  it 
The  processes  of  repair  are  similar  to  those  in  other  organs.  The 
necrotic  tissue  is  gradually  dissolved  through  the  action  of  the 
eukocytes  and  removed.  The  fibroblasts  and  vascular  endothelium 
regenerate  and  fonn  first  granulation  and  then  scar  tissue. 

Kepair  of  the  infectious  lesions  in  the  walls  of  the  arteries  de- 

e stood.  They  are  often  produced  by  organisms  of  slight  viru- 


Fig.  339 


• — Heart. 


Acute  articular  rheumatism 

M. 


Acute  focal  lesion  in  muscle. 


n>u.oli:oolls  are  X^^^^  of  fibroblasts.  The  .sn.ooth 

organized  by  fibroblasts  and  the  1.  formed  it  becomes 

occluded.  The  lesions  outside  domains  ]iartly  or  entirely 

striking  and  prominent  Thi  ft-''  '^^ost 

of  fibroblasts  and  to  the  In  J is  due  chiefly  to  necrosis 

situation.  Tl^  ointn^ 
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loukoc*j4es  which  soinetiiiies  form  miiltinuclcatod  cells.  In  addi- 
tion, the  fibrin  stimulates  the  neighboring  fibroblasts  which  invade 
and  organize  it,  thus  producing  an  excess  of  fibrous  tissue  in  that 
location.  As  a result  of  these  two  conditions  clumps  of  fairly  large 
cells  and  eventually  masses  of  connective  tissue  are  formed.  These 
focal  lesions  have  l)een  consiilered  characteristic  of  the  clinical  con- 
dition known  as  acute  articular  rheumatism.  As  a mattei  of  fact 
they  are  characteristic  of  a certain  type  of  infectious  lesions  of 
blood-vessels  and  chiefly  of  arteries.  They  may  be  caused  by  a 
variety  of  organisms,  but  chiefly  by  the  streptococcus  pyogenes. 
Occasionally  all  stages  in  the  progress  of  the  lesions  may  be  found 
in  one  case.  They  are  usually  secondary  to  an  infectious  endocar- 
ditisj  and  cell  changes  similar  to  those  described  in  the  walls  of  the 
arteries  may  be  found  in  the  endocardium  beneath  the  organisms. 
These  infectious  lesions  of  the  blood-vessels  are  not  limited  to  the 
heart,  but  may  occur  at  the  same  time  in  the  kidneys,  liver,  ainl 
other  organs.  The  lesions  known  as  periarteritis  nodosa  arise  in 
this  same  way. 

Necrosis  of  myocardial  muscle-fibers  frecpiently  follows  as  a 
result  of  these  infectious  lesions  of  the  blood-vessels  in  the  heart, 
in  conse(|uence  of  the  narrowing  of  the  lumina  of  many  of  the 
vessels  and  cutting  down  of  the  blood  supply. 

Tuberculosis.— The  inflammatory  reaction  to  the  tubercle 
bacillus  in  the  myocardium  is  similar  to  that  elsewhere  in  the  body. 
The  lesion  is  rare  and  occurs  most  often  in  the  form  of  miliary 
tubercles.  Occasionally  large  caseous  nodules  develop.  By  exten- 
sion of  these  nodules  the  tubercle  liacilli  may  reach  the  peiicardium 
or  endocardium,  and  cause  a tuberculous  pericarditis  or  tuber- 
culosis of  the  parietal  endocardium  with  thrombus  formation. 

Trepo7i67na  Pcilliclu7n. — In  congenital  syphilis  the  tieponema 
pallidum  is  frequently  present  in  the  myocardium.  It  does  not 
invade  it  uniformly,  but  is  extremely  numerous  in  some  places  and 
absent  in  others. 

It  occurs  between  the  muscle-fibers,  between  the  collagen  fibrils 
in  the  connective-tissue  septa,  in  the  walls  of  blood-vessels,  espe- 
cially arteries,  and  sometimes  in  the  nerve  bundles. 

The  direct  injury  produced  by  it  is  not  evident.  No  necrosis 
is  ordinarily  present.  On  the  other  hand,  the  cells  in  the  affected 
areas  show  the  ]iresence  of  considerable  fat,  an  indication  of  faulty 
metabolism. 

The  reaction  to  the  spirochetes  is  usually  well  marked.  1 hey 
lead  to  infiltration  with  ('ndothelial  leukocytes  and  lymiihocytes 
and  to  proliferation  of  fibroblasts.  As  a result  of  this  condition 
the  connective-tissue  septa  are  broadem'd  and  the  walls  of  the  arte- 
ries are  thickened  and  their  lumina  narrowed.  In  instances  of 
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extieme  inteetioii  it  is  probalile  tluit  those  changes  ma}"  result  in 

the  interruption  of  the  blood  sujiply  and  in  the  jiroduction  of 
necrosis  (gumma). 

Recovery  from  the  lesions  desca-ibed  must  leave  behind  a certain 
degree  of  diffuse  sclerosis. 

In  acquired  syphilis,  infection  of  the  heart  is  rare,  but  le.sions 
of  a character  more  or  less  similar  to  those  in  congenital  syphilis 
sometimes  result  in  the  formation  of  gummas  which  are  most  likely 
to  be  situated  m the  septum  lietween  the  auricles  and  ventricles. 

Trichinella  Spirahs.—ln  trichiniasis  the  (‘inlirvos  not  infre- 
quently emigrate  from  the  vessels  in  the  heart  and  ‘try  to  invade 
the  inuscle-fibers.  The  attenqit  is  alwa3's  a failure,  but  results  in 

m^isele-fibers  and  acute  inflammatorv 
exudation,  which  contains  at  first  numerous  endothelial  leukoc^Tes 
and  eosmophiles.  The  embryos  soon  die  or  are  killed  and  oniV  a 

Sclerosis  T I '‘c 

bclerosis.— As  mc^  be  seen  from  a perusal  of  the  preceding 
esions,  sclerosis  of  the  myocardium  may  result  from  a variety  of 

aimirecfto  term  chronic  myocarditis  is  commonly 

applied  to  the  condition,  but  is  usually,  at  any  rate,  a misnomer 

because  sclerosis  is  an  end  product,  the  healed  stage  of  some  ante- 
cedent acute  process  and  not  itself  an  active  process  in  any  way 
Sclerosis  most  often  results  from ; •>  3 • 

1.  Infarction  following  embolism  or  thrombosis. 

Z.  Infectious  myocarditis  with  destruction  of  all  the  cellular 
elements  m the  parts  affected. 

3.  Syphilitic  infection  witli  or  without  the  formation  of  gumma‘s 
' supply  with  (lo- 

tissue  irtheTff"  ti  f'"°''k’ ^ 

m the  affected  foci  and  gradual  atropliy  of  the  hlood-vcsscli 
a.  1 oxic  myocarditis  witll  destruction  of  muscle-fihers  only  and 
similar  contraction  of  connectiye  tissue,  etc.  ' 

New-Growths.— Tumors  of  the  heart  are  not  common  or  of 
udi  importance.  Primary  tumors  .are  especially  rare 

star  stnX*  Ivan''Tii,®  '’""'.‘T  "hicli 

ui^alT  itrl  f ° congenital  and  is 

centrJ’  ' always,  .associated  with  malformation  of  the 

cortex  Z7XnT‘rr’  cerebral 

n?,,i ‘ ^ .“‘■‘Ifocmation  of  the  kidney.  It  occurs  as  a 

ti.ssiieTiavT  ° ''‘“'■'’"’e  size  and  is  sometimes  miiltijile.  I’lie 
on).  ■ 1 ^ composed  of  muscle-fihers  exactly  like  the  noriml 

o cs  in  the  heart,  but  more  often  the  cells  are  large  and  cdenmtmis 
re  or  lc.ss  spherical  and  contain  fibrils  in  ail  st.ages  of  formation’ 

in  tl7  foumf  here  y 

m the  auricles,  are:  fibroma,  fibro.sarcoma,  myxoma,  Jte.  “ ^ 
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Aletiistiitic*  tumors  are  more  common:  adrenal  cancer,  mela- 
noma, chondroma,  thyroid  cancer. 

Physiologic  Effects. — Certain  physiologic  effects  are  produced 
by  the  cardiac  lesions  which  have  been  descrilied.  It  is  perhaps 
valuable  to  refer  to  them  briefly  here  so  that  the  logical  relation 
between  lesions  and  phj- siologic  effect  may  be  liorne  clearly  in  mind. 

Fericardial  Cavity.— I . Fibrinous  pericarditis  with  little  or 
no  serum  present  is  usually  attendc'd  with  rubbing  of  the  surfaces 
together;  but  they  may  liecome  united. 

2.  The  collection  of  a large  amount  of  fluid  (serum,  pus,  lilood) 
in  the  pericardial  cavity  interferes  with  the  action  of  the  heart  and 
may  even  stoj)  it. 

3.  Organization  of  the  fibrin  resulting  from  pericarditis,  often 
causes  obliteration  of  the  jiericardial  cavity  and  leads  to  more  or 
less  interference  with  the  heart’s  action. 

Endocardium. — 1.  Acute  lesions  of  the  valves  may  cause: 

(a)  Vegetations. 

Q))  Ulcerations  and  perforations  of  valve  curtains. 

(c)  Severance  of  chordae  tendineae. 

2.  lie])air  of  valve  lesions  may  result  in: 

(a)  Thickening,  shortening  and  interadherence  of  valve 
curtains  anti  chordae  tendineae. 

(fc)  Narrowing  of  valve  openings  (stenosis). 

(c)  Lack  of  perfect  closure  of  valves  (insufficiency  and  in- 
competence). 

These  lesions  may  cause  obstruction  to  the  perfect  flow  of  lilood 
through  tlie  heart  or  leakage  after  it  has  passed  the  valves.  The 
usual  result  is  the  production  of  al)normal  sounds  (murmurs)  which 
to  the  trained  physician  are  significant,  in  connection  with  other 
signs  and  symptoms,  of  the  lesions  producing  them. 

Myocardium.- — 1.  Abundant  ingrowth  of  fat-cells  from  the 
epicardium  causes  interference  with  muscular  contraction. 

2.  Accumulation  of  fat  in  the  muscle-fibers,  especially  when 
abundant,  indicates  serious  interference  with  cell  nutrition  and  ac- 
tivity, and  possibly  l)y  its  presence  is  mechanically  disadvanta- 
geous. 

3.  Necrosis  and  disappearance  of  heart  muscle-filiers  from  all 
sorts  of  causes  mean  so  much  loss  of  the  heart’s  power  which  can  be 
restored  only  by  hypertrophy  of  the  remaining  muscle-fibers. 

4.  Destructive  lesions  involving  in  any  way  the  bundle  of  Ilis 
may  lead  to  great  functional  disturbance  and  to  the  jiroduction  of 
the  Stokes-Adams  syndrome. 

BLOOD-VESSELS 

Introduction. — dflie  pathology  of  the  blood-vessels  can  be  best 
understood  by  taking  up  the  lesions  which  occur  in  them,  first 
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from  the  general  and  tlien  from  the  siiecial  jiathologic  point  of 
view.  In  addition,  it  is  necessary  to  study  the  different  varieties 
of  early  lesions  and  trace  their  develoimient  just  as  in  the  liver  and 
kitlney  in  order  to  get  at  an  exact  understanding  of  what  takes 
place,  and  thus  be  in  a position  to  interpret  the  late  lesions  and 
unravel  their  origin. 

The  same  cause  does  not  produce  the  same  type  of  lesion 
throughout  the  vascular  system.  Hyaline  formation  is  common 
in  the  arteries  of  the  spleen  under  a variety  of  acute  and  chronic 
conditions.  Nothing  similar  seems  to  occur  in  the  aorta.  Whether 
this  difference  is  due  to  peculiarities  of  structure  or  of  function  or 
to  some  other  cause  is  not  evident. 

In  the  aorta  and  larger  arteries  the  intima  and  the  muscle  coat 
may  undergo  pathologic  changes  entirel}^  indeiiendently  of  each 
other  although  both  are  often  affected  at  the  same  time.  In  the 
smaller  vessels  the  two  structures  are  commonly  involved  together. 

It  is  very  important  to  study  the  vascular  s}^stem  both  in 
the  fresh  condition  and  especially  after  fixation  by  two  methods, 
formaldehyd  and  Zenker’s  fluid.  The  value  of  fixation  in  for- 
maldehyd  is  that  it  permits  the  emjiloyment  of  certain  chemical 
tests  such  as  that  for  calcium  and  that  it  preserves,  at  least  to  a 
considerable  extent,  the  fat  in  the  tissues.  This  fat  is  best  demon- 
strated in  frozen  sections  stained  with  Scharlach  H.  and  alum 
hematoxylin.  After  fixation  in  Zenker’s  fluid  the  various  cells 
and  intercellular  substances  can  be  sharply  defined,  particularly 
the  elastic,  collagen  and  fibroglia  fibrils,  and  the  smooth  muscle- 
cells. 

Anatomy. — One  im]iortant  jioint  to  bear  in  mind  about  the 
vascular  system  is  that  all  parts  of  it,  including  heart,  aorta, 
arteries,  capillaries  and  veins,  have  in  common  the  lining  einlo- 
thelial  cells  and  a varying  number  of  fibroblasts  with  their  fibrils 
on  which  the  endothelium  rests.  In  many  situations  the  fibro- 
blast^ produce,  in  addition  to  collagen  fibrils,  an  abundance  of 
elastic  material  which  takes  the  form  of  fibers  and  membranes 
and  may  be  variously  distributed  in  the  wall.  The  internal 
elastic  lamina  is,  perhaps,  the  most  im])ortant  anatomic  landmark 
in  the  arterial  system,  because  so  many  lesions  lie  between  it  and 
the  lining  endothelium.  To  these  two  kinds  of  cells  we  have 
smooth  muscle-cells  added  in  the  aorta,  arteries  and  veins  and 
striated  muscle-cells  in  the  heart.  It  follows  from  these  anatomic 
conditions  that  certain  lesions  are  likely  to  be  common  to  all  jiarts 

of  the  vascular  system,  while  others  will  be  limited  to  certain  por- 
tions of  it. 

Another  point  of  importance  in  the  anatomy  of  the  large 
nood-vessels  is  this,  that  the  intima  and  an  adjoining  iiortion  of 
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the  media  eontaiii  no  eaiiillaries.  The  cells  composinp;  these  parts 
are  nourished  entirely  by  imbibition.  This  anatomic  condition 
accounts  for  certain  peculiarities  in  the  repair  of  lesions,  which 
will  be  sjioken  of  later. 

Injury. — Injury  of  blood-vessels  may  be  caused  by  mechanical 
force,  by  disturbances  of  nutrition,  by  toxins  of  many  kinds,  or 
by  the  direct  presence  of  injurious  agents.  It  may  be  produced 
suddenly  or  slowly.  The  injury  itself  is  shown  chiefly  liy  two 
forms  of  retrograde  change,  by  an  accumulation  of  fat  in  the  cells 
injured  and  l)y  necrosis.  These  two  jirocesses  may  be  complicated 
by  fibrin  formation,  by  hyaline  transformation,  or  by  the  de- 
position of  lime-salts.  The  necrotic  cells  may  preserve  tlieir  form 

for  some  time,  or  be  masked 
by  fibrin  formation,  or  be 
dissolved  (piickly. 

Fat. — The  presence  of 
fat  in  the  different  cells 
forming  the  walls  of  blood- 
vessels is  the  best  guide  we 
have  as  evidence  that  the 
functional  activity  of  the 
lining  cells  is  interfered 
with,  owing  to  injury  of 
some  sort  or  other.  If  later 
the  cells  undergo  necrosis 
the  fat  is  set  free  and  be- 
comes a prominent  feature 
in  the  lesions  formed  be- 
cause its  removal  requires 
much  time.  In  fact  the 
reaction  to  the  fat,  at  least 
in  the  intima,  forms  the  most  conspicuous  feature  in  many  lesions, 
especially  those  of  a chronic  type  and  is  likely  to  lead  one  to 
overlook  the  real  condition  underlying  it. 

Under  toxic  and  other  unfavorable  conditions  fat  may  collect 
in  the  lining  endothelial  cells,  in  the  muscle-cells,  or  in  the  fibro- 
blasts. As  a rule  it  collects  most  abundantly  in  the  fibroblasts, 
especially  in  those  situated  in  the  intima,  and  in  fresh  tissue  or 
in  jirojierly  stained  sections  outlines  even  the  most  delicate  cyto- 
plasmic processes  of  these  cells.  The  fat  occurs  usually  in  small 
to  medium-sized  droplets.  An  excellent  way  to  study  the  con- 
dition is  to  .strip  thin  layers  from  the  intima  of  the  aorta  and 
mount  them  in  wat(T  or  .stain  them  in  Scharlach  K.  Fat  is  de- 
posited also  in  very  fine  droplets  Ix'tween  the  collagen  and  elastio 
fibrils.  J>/(“ss  often  fat  collects  in  the  smooth  muscle-cells. 


Fig.  .340. — Artery.  Cerebral  menin- 
ges. Arteriosclerosis.  Intima  much 
thickened  on  one  side.  Fat,  largely  within 
endothelial  leukocytes,  abundant  in  dec'per 
part. 
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lender  favorable  conditions  cells  containing  fat  can  unques- 
tionably utilize  it  later  anti  return  to  a jicrfectly  normal  condition. 

Fat  is  also  commonl}^  associated  with  the  more  serious  lesions 
of  blood-vessels,  such  as  the  InTiline  change  often  jiresent  in  the 
arteries  of  the  spleen  in  diphtheria,  for  example,  and  necrosis  from 
various  causes. 

In  Zenker  fixed  tissues  the  endothelial  leukocytes  which  were 
hik'd  with  fat  ajijiear  with  delicately  reticulated  C3'toi)lasm  owing 


lets  ■u'cui’mil'.iPd'^fnT'  blnclobielial  leukocytes  filled  with  fat-drop- 


O t le  removal  of  the  fat.  These  leukocytes  often  collect  together 
m large  numbers  They  may  be  dcitosited  in  thin  layers  between 
e CO  agon  hbrils  or  accumulate  in  large  clumps  with  or  without 
a Slight  collagen  reticulum  between  them. 

Necrosis.— Necrosis  may  involve  the  whole  of  the  vessel  wall 

^iiHo  or  a 

the^cells  «nd  there.  AMien  necrosis  is  produced  suddenly 

the  cells  contain  little  or  no  fat.  \Mien  it  occurs  slowly,  however. 
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much  fat  may  accumulate  in  the  c.ytoi)lasm  owing  to  the  inal:)ility 
of  the  cells  to  utilize  it.  In  infectious  lesions  due  to  the  pus 
organisms  the  necrotic  cells  are  usually  dissolved  and  disappear 
quickly,  but  under  other  conditions  they  may  persist  for  a long  time. 


Fig.  342. — Aorta.  Relative  amounts  of  smooth  muscle-cells  and  connective 
tissue  between  elastic  i)lates  under  normal  conditions. 


Fig.  343. — Aorta.  Disappearance  of  smooth  muscle-cells  between  elastic 

plates  in  sclerosed  aorta. 

Sometimes  groups  of  the  smooth  musch'-cells  m the  walls  of 
blood-vessels  undergo  necrosis.  This  condition  is  of  much  more 
frecpient  occurrence  in  the  (listril)uting  art,('ries  and  in  the  aorta 
than  in  the  small  arteries.  This  necrosis  of  the  muscle-cells  may 
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occur  independently,  or  in  combination  with  the  lesions  which 
are  so  commonl}'  found  in  the  intiina. 

The  necrosis  may  ahect  single  smooth  muscle-cells  or  small 
groups  of  them,  or  involve  fairly  extensive  areas.  The  necrotic 
cells  may  contain  many  fat-droplets  or  few  of  them  or  none.  In 
like  maimer  they  may  contain  small  to  coarse  granules  of  lime-salts. 
Sometimes  fat  and  lime-salts  are  demonstrable  in  the  same  cell 
at  the  same  time.  The  necrotic  cells  may  jiresent  a swollen  hya- 
line or  a granular  appearanee.  They  seem  to  disintegrate  very 
slowly  and  to  cause  no  inflammatory  reaction  around  them. 


Fig.  344.— Artery.  Disappearance  of  numerous  smooth  muscle-cells  in  the 
media.  Relative  increase  of  the  connective  tissue. 


Neither  the  fat-droplets  nor  the  granules  of  lime  attract  aii}^  leuko- 
cjdes. 

Hyalin.— Two  different  types  of  hyalin  aside  from  amyloid 
frequently  appear  in  the  walls  of  blood-vessels. 

The  walls  of  the  smaller  arteries  are  sometimes  transformed 
into  hyaline  material  as  the  result  of  acute  toxic  action.  The 
change  is  found  most  often  in  the  arteries  of  the  spleen,  as  the 
result  of  dijflitheria  and  some  other  acute  infections.  The  hyaline 
appearance  seems  to  be  due  to  necrosis  and  swelling  of  the  vessel 
wall.  Fat  is  always  present. 

Much  the  same  iiicture  is  sometimes  presented  by  vascular 
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lesions  as  the  result  of  the  long-continued  action  of  toxic  substances 
(the  condition  known  as  chronic  arteriosclerosis). 


c 

Fig.  345. — Artery.  Kidney.  Arteriosclerosis.  Hyaline  thickening  of  intima 

with  occlusion  of  lumen. 


Fig.  34(). — Hyalin  forming  in  the  walls  of  capillaries  in  the  cerebellum. 


The  second  kind  of  hyalin  apjiears  in  the  arteries  and  capillaries 
of  the  central  nervous  system.  It  is  usually  most  marked  in  and 
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around  the  dentate  nucleus  of  the  cerebelluin.  The  cause  of  the 
formation  of  this  kind  of  hyalin  is  wholly  unknown.  The  hyalin 
is  deposited  in  the  form  of  minute  droplets  wliich  enlarge  aiul  fuse 
together,  forming  finally  a complete  sheath  for  the  vessel.  This 
form  of  hyalin  often  becomes  calcifietl  so  that  the  larger  vessels 
on  section  will  project  above  the  surface  like  ends  of  cut  vires. 
Occasionally  calcified  masses  are  formed  in  this  way. 

Amyloid  formation  occurs  ver}^  often  in  the  walls  of  arteries 
and  veins,  but  has  been  discussed  elsewhere  and  does  not  require 
any  further  consideration  liere. 

Lime-Salts. — Lesions  of  blood-vessels  are  very  often  comjili- 
cated  by  the  presence  of  lime-salts,  jirobably  owing  in  jiart  at 


Fig.  ,347. — Artery.  Calcification  involving  media  and  intima. 

least  to  the  frequent  j:)resence  of  fat  and  its  decomposition  jiroducts, 
some  of  which  lead  to  the  deposition  of  the  lime.  It  is  deposited 
only  in  necrotic  material,  frequently  in  the  intima,  less  often  in 
the  muscle  coat  when  the  muscle-fibers  have  undergone  necrosis. 

Blood  Pigment.— Blood  pigment  usually  in  the  form  of  hemo- 
siderin is  sometimes  found  in  blood-vessels  as  the  result  of  hemor- 
rhages into  the  walls,  or  liecause  red  blood-corpuscles  were  included 
in  thrombi  which  later  became  organized.  The  hemoglobin  is 
taken  up  by  endothelial  leukocytes,  converted  into  hemosiderin 
and  then  very  slowly  digested  and  returned  to  the  circulation. 

Inflammatory  Reaction. — The  reaction  following  injury  of  the 
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colls  in  the  walls  of  blood-vessels  varies  greatly  as  in  other  tissues 
from  nothing  to  acute  supi)uration,  depending  on  whether  necrosis 
occurred  slowly  or  suddenly,  and  whether  it  was  the  result  of 
mechanical,  nutritional,  toxic  or  infectious  causes.  Necrosis  of 
single  cells  in  the  intima  may  call  out  no  leukocytes  unless  fat  has 
accumulated  in  them.  The  necrotic  cells  may  graduall}^  dissolve 
and  (lisai)pear.  Any  fat  set  free  attracts  endothelial  leukocytes 
which  take  up  the  fat  and  very  slowly  dissolve  it.  If  a grou])  of 
cells  containing  fat  die  many  endothelial  leukocytes  are  attracted 
and  gradually  incor})orate  the  fat,  begiiming  at  the  periphery. 
This  infiltration  and  accumulation  of  endothelial  leukocytes  as 
the  result  of  the  presence  of  fat  set  free  l)y  necrosis  of  cells  is 
the  most  common  and  cons])icuous  lesion  of  arteries,  and  especially 
of  the  aorta.  Free  fat  in  the  liver  is  quickly  got  rid  of  owing  to 
the  great  vascularity  of  the  tissue,  but  in  the  larger  blood- 
vessels this  is  impossible.  In  the  aorta  this  t^qie  of  lesion  is 
largely  restricted  to  the  intima,  but  in  the  smaller  arteries  it  may 
extend  through  the  whole  wall  into  the  adventitia.  The  endothelial 
leukocytes  filled  with  fat  may  themselves  undergo  necrosis  and  set 
free  their  fat.  In  the  fat  thus  collected  together  fatty  acid  and 
cholcsterin  crystals  often  form  and  the  latter  sometimes  lead  to  the 
formation  of  foreign  body  giant-cells. 

The  accumulation  of  endothelial  leukocytes  filled  with  fat 
causes  thickening  of  the  intima  which,  as  a result,  is  elevated  and 
appears  ^tIIow  and  opaque. 

Necrosis  of  the  smooth  muscle-cells,  particularly  in  the  aorta, 
may  cause  no  reaction  even  where  the  cells  contain  fat-droplets 
or  granules  of  lime  or  both,  probably  because  the  cells  are  so  far 
from  the  circulating  blood  that  their  decomposition  products 
exert  no  attraction  on  leukoc\’tes. 

The  various  steps  in  the  ])rocess  of  repair  of  blood-vessels  are 
I)est  studied  in  the  aorta,  where  they  all  occur  on  a large  scale, 
but  they  can  be  followed  perfectly  well  also  in  the  arteries  of  the 
kidney,  spleen,  heart  and  meninges,  and  may  even  take  place  in 
the  capillaries  of  the  glomerular  tufts  of  the  kidney. 

Necrosis  due  to  infectious  agents  often  involves  the  entire 
thickness  of  the  wall  and  may  call  out  an  exudation  of  polymor- 
phonuclear leukocytes  alone  or  combined  with  endothelial  leuko- 
cytes, lym]:)hocytes  and  occasionally  eosino]:)hiles  in  varying  pro- 
portions. 

Fibrin  is  a frequent  complication  of  the  necrosis  and  exudation, 
whether  the  blood-vessel  lesion  is  of  toxic  or  infectious  origin. 
The  fibrin  may  be  deposited  in  the  vessel  wall  or  outside  of  it,  or 
within  the  lumen.  It  may  appear  as  definite  fibrin  threads  or 
form  hyaline  fibrinoid  masses.  It  is  useful  in  some  respects,  but 
is  always  a complicating  and  often  a very  injurious  element. 
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A peculiar  form  of  inflammatory  reaction  is  found  in  Ijlood- 
vessels  not  infrequently  as  the  result  of  toxic  substances  of  in- 
fectious origin  diffusing  along  and  through  their  walls.  It  occurs 
as  an  accumulation  of  leukoc}des  Ijeneath  the  lining  endotlielium. 
In  lobar  pneumonia,  in  acute  meningitis  of  various  origin,  in 
glanders,  for  examjile,  polymorphonuclear  leukocytes  sometimes 
collect  here  in  great  numbers  and  may  more  or  less  occlude  the 
lumen.  In  diphtheria  and  some  other  infectious  diseases  similar 
accumulations  of  lymphocytes  may  occur  beneath  the  intima  of 
veins,  especially  in  the  spleen. 


Thrombosis.  Organization  of  fibrin  which  appears 
black.  Numerous  vessels  formed  by  endothelium  growing  into  cracks  in  tlie 
contracted  fibrin  and  lining  the  walls  of  the  spaces  formed.  Al. 


^S^neration  and  Repair. — Only  the  endothelial  cells  and  the 
31'oblasts  in  the  vessel  walls  regenerate;  the  smooth  muscle-cells 
CO  not.  The  endothelial  cells  as  a rule  quickly  replace  any  cells 
ot  their  own  kind  which  have  been  destroyed.  They  will  grow 

iHit  not  over  the  broken  down 
(so-called  atheromatous)  material,  occurring  as  the  result  of 
necrosis  of  cells  filled  with  accumulated  fat  and  frequently  left 
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exposed  to  the  blood  stream  in  the  form  of  erosions,  especially 
in  the  aorta.  They  readily  grow  into  fissures  in  fibrin  resulting 
from  contraction  of  this  substance  and  thus  line  cavities  which 
have  been  mistaken  for  newly  formed  blood-vessels.  The  fibrin 
between  the  cavities  undergoes  organization  by  fibroblasts. 

Fibroblasts  regenerate  readily  and  reiilace  those  which  have 
lieen  destroyed  when  the  process  has  been  at  all  sudden.  In 
lesions  of  slow  origin,  due  chiefly  or  entirely  to  disturbances  of 
nutrition  or  to  toxic  influences,  there  may  be  little  or  no  regenera- 


Fig.  .349. — Aorta.  Partially  organized  thrombus  on  intimal  surface.  Fibrin 

appears  black.  M. 

tion  owing  to  the  lowered  vitality  of  the  surrounding  fibroblasts. 
They  are  way  below  par  as  shown  by  the  accumulation  of  fat 
within  them.  In  other  instances,  where  only  cells  here  and  there 
or  In  small  groups  have  lieen  injured  and  have  undergone  necrosis, 
regeneration  takes  place  fairly  well,  especially  on  the  intimal  side 
near  the  source  of  nutrition.  Regeneration  of  fibroblasts  may  m 
this  way  lead  to  a moderate  amount  of  local  thickening  of  the 
intima. 

Fibrin  and  its  organization  by  fibroblasts  play  an  inpiortant 
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rolo  in  tho  repair  of  lesions  of  blood-vessels.  The  fibroblasts 
p’ow  into  any  fibrin  deposited  in  their  neighborhood  and  rejilaee 
it.  They  aiiparently  utilize  it  as  nourishment  and  flourish  in  it 
producing  numerous  and  prominent  fibroglia  fibrils.  In  this  way 
the  walls  may  be  considerably  thickened  by  organization  of  fibHn 
formed  around  or  within  them,  and  the  lumen  may  be  particularly 
or  completely  obliterated.  Sometimes  two  or  more  layers  Jf 
connective  tissue  can  be  made  out  on  the  surface  of  the  aorta  due 
to  organization  of  separate  deposits  of  fibrin. 

All  these  fibroblasts  have  inherent  in  them  the  property  of 
producing  elastin  in  addition  to  fibroglia  and  collagen  fibrils. 


Fig.  .3o0.  Organized  thrombus  in  wall  of  artery.  M. 


"iimcrous  plastic 

hltnls,  hut  also  elastic  membranes. 

witlfliHir’‘'““'"  the  aorta 

with  Ittlc  or  no  attem|)t  at  repair,  unless  fibrin  is  denositecl  and 
stimulates  the  fibroblasts  to  replace  it.  <'q>ositecl  and 

eradoali"  takes  place  the  endothelial  leukocytes 

fi  ^ l wb  ; i'  they  occu,,ied  are 

tr  etir  ahsorbetrowina  to  coT 
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Fig.  351. — Organized  thrombus  in  wall  of  artery  in  kidney.  M. 


Fig.  352. — Artery.  Kidney.  Arteriosclerosis.  Thickening  of  intima  and 
formation  of  now  elastic  laminae.  M. 
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It  is  noticeable  that  when  toxic  lesions  have  once  startcal  in 
the  aorta,  tor  instance,  tluy  often  show  a tendency  to  enlarge 
instead  of  healing  and  terminating  in  a small  mass  of  scar  tissue. 
Two  factois  ma}^  piny  some  part  in  this  besides  the  lowered  vitality 
of  the  surrounding  tibroldasts.  The  endothelial  leukocytes 
attracted  to  the  site  may  utilize  much  of  the  nourishment  which 
reaches  the  part.  In  addition,  regeneration  of  fibroblasts  on  the 
lumen  side  and  esjiecially  organization  of  fibrin  on  the  surface 
results  m removing  the  primary  lesion  farther  and  farther  from  the 
source  of  nutrition.  As  a consequence,  many  of  the  endothelial 
leukocytes  themselves  undergo  necrosis.  Possibly  pressure  due 
to  contraction  of  the  new-formed  connective  tissue  on  the  mass 
ot  leukocytes,  fat  and  debris  also  phys  some  part. 

In  the  aorta  and  larger  arteries  injury  and  necrosis  of  the 
smocith  muscle-cells  are  evidenced  by  the  accumulation  of  fat 
and  by  the  deposition  of  lime-salts;  as  a rule  but  little  else  can  be 
made  out.  There  is  no  reaction  to  the  necrotic  cells  AVhen  the 
necrotic  cells  are  not  calcified  they  gradually  disappear  and  the 
connective  tissue  appears  thickened  and  sometimes  edematous 
Beyond  this  sclerosis  nothing  else  can  be  seen.  Under  other 
comhtions  the  necrotic  cells  become  calcified  and  the  process  may 
involve  the  intervening  connective-tissue  cells  so  that  calcified 
plates  are  formed  Occasionally  through  the  influence  of  the  lime- 
sa  s ai  joining  fibroblasts  organize  the  lime  and  are  converted 
into  bone  cells  and  the  calcified  plate  into  bone. 

Mechanical  Lesions.— Blood-vessels  are  very  often  injured 
mechanically  by  compression,  cutting,  distension,  etc.  These 
esions  are  o great  importance  surgically,  especially  incision  and 
compression  by  ligatures.  Thrombus  formation  within  the 

ured  vessel  is  of  great  value  in  effecting  stoppage  of  hemorrhage 

bv^fify  T'T  liy  exciting  organization 

clusioTof  th^iu'me.P''“'‘‘''^  permanent  partial  to  complete  oc- 

rare*i‘,Id'h!;  '“'T*'''  P>=<=essive  ilistension  is 

are,  but  has  occurred  even  m the  aorta.  On  the  other  hand  the 

rupturZif  '''  u'""  dilatation  or 

ipturc  of  \ esscl  walls  weakened  by  necrosis.  Thus  wo  mav  have 

aneurysms  of  acute  or  chronic  infectious  origin  or  due  to  lone- 
continued  toxic  action.  ^ 

Lesions  Due  to  Disturbances  of  Nutrition.— ^Tssels  are  often 

off'''' TIuT  I^artially  to  completelv  cut 

off  1 his  may  happen  as  the  result  of  an  embolus  (fibrin,  fat)  or 

(/retncr^  faBhl  ’T^"-^  a.;  show’ by  the 

undergo  necrosis.  ' unctionally  impaired,  or  they  may 
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In  cases  of  severe  anemia  the  nutritional  (inalities  of  the  lilood 
may  he  so  lowered  that  many  of  tlie  cells  in  various  vessels  show 
the  presence  of  much  fat,  and  hemorrhages  may  occur  from  the 
smaller  vessels  as  a result  of  weakening  of  the  walls. 

Li'sions  due  to  disturbances  of  nutrition  are  very  often  asso- 
ciated with  those  of  toxic  and  inlectious  origin. 

Toxic  Lesions. — Toxic  lesions  of  the  blood-vessels,  particularly 
of  the  arterial  system,  are  of  the  greatest  importance.  They  are 
to  be  found  in  all  infectious  processi^s  which  are  at  all  severe.  The 


Fig.  353. — Heart.  Infectious  lesion  of  blood-vessel  with  necrosis  of  wall  and 
infiainrnatory  reaction.  Masses  of  streptococci  within  lumen  of  vessels.  M. 


toxins  are  derived  from  the  infectious  agents  in  the  local  lesions 
or  present  as  a septicemia  in  the  circulating  blood.  Ibimiliar  ex- 
amples are  diphtheria,  scarlet  fever,  lobar  pneumonia,  stri'jho- 
coccus  septicemia,  lead,  etc.  The  injury  to  th(‘  vessels  is  usually 
(widenced  by  the  presence  of  fat  in  the  injured  cells,  less  often  by  a 
hyalint^  change  or  by  necrosis  with  both  of  which  fat  is  always 
associatt'd. 

Injury  of  toxic  origin  ti'iids  to  b(^  more  evenly  distributed  than 
that  due  to  the  imnu'diate  presenci'  of  an  infectious  agent,  but 
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even  this  injury  oecnrs  in  the  vessels  of  some  organs  more  than  in 
those  of  others,  and  often  shows  a tendency  to  focal  distribution. 
41u>  reason  for  lack  of  perfectly  imiform  distribution  is  not 
('vident.  It  does  not  seem  to  be  dependent  in  any  way  on  the  vasa 
vasorum. 

The  best  way  to  understand  the  toxic  lesions  of  blood-vessels  is 
to  study  them  in  young  children  who  have  died  from  various  sorts 
of  diseases,  infectious  and  otherwise.  The  duration  of  the  lesions 
found  can  usually  be  definitely  estimated  and  the  nature  of  the 
toxin  surmised.  In  adults  this  information  is  not  nearly  so  reliable 
because  the  lesions  iiresent  may  have  existed  there  for  years.  No 


log.  3.54  Heart.  Infectious  lesion  of  artery.  Necrosis  fibrin  forrmtinn 

morplionuclear  and  endothelial  leukocytes,  lymphocytes.  M. 


one  can  expect  to  reach  old  age  without  some  of  his  vessels  having 
nyured  fro„,  a slight  to  a .narked  <leg,eo,  not  once  but  ina.v^ 

is  n!«nfir^  Lesions.-By  the  infectious  lesions  of  blood-vessels 

ge  le‘  ^etr'’ ' • ' ■’"'r  Presence  of  patho- 

S lie  micro-organisms  of  one  kind  or  another.  The  lesions  mav 

hist  i * ' ^ ii'volved  may  be  the  final  result  Their 

o l eTifure!?  vary  greatly  since  they  depen, 1 

tlu  natu.e  of  the  mtect.ng  micro-organisms  and  of  these  there 
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is  1\  srcat  variety.  The  severe  acute  lesions  due  to  the  so-calk‘d 
pus-cocci,  terminating  in  complete  destruction  of  the  vessel  wall 
and  usually  in  abscess  formation,  are  of  frequent  occurrence  and 
the  easiest  to  find.  They  are  often  very  numerous  and  occur  in  a 
great  variety  of  organs  and  tissues. 

The  most  interesting  lesions,  at  least  from  a histologic  point  of 
view,  are  those  which  are  due  to  micro-organisms  which  die  out 
readily  after  infection  of  the  vessel  wall  is  started,  or  are  only 
mildly  toxic  and  persist  more  or  less  indefinitely. 

It  is  obvious  that  blood-vessels  may  be  infected  either  on  the 
outside  from  acute  processes  adjoining  or  surrounding  them,  or 


Fig.  3.^.5. — Artery.  Kidney.  Infectious  lesion.  Necrosis,  fibrin-formation, 
polymorphonuclear  and  endothelial  leukocytes. 

from  within  in  consecpience  of  organisms  having  obtained  access 
to  tlie  circulating  blood  and  causing  a septicemia.  Some  infectious 
agents  invade  the  blood-vessels  only  from  within,  but  most  of 
them,  like  the  streptococcus  and  the  tubercle  bacillus,  may  attack 
the  vessels  from  either  side. 

The  injury  which  may  be  produced  in  a vessel  wall  varies 
greatly,  from  changes  so  slight  that  they  may  be  difficult  to 
demonstrate,  up  to  partial  or  com]:)lete  necrosis.  It  may  be  fol- 
lowed by  hemorrhage,  by  aneurysm  formation,  by  inflammatory 
exudation  and  repair,  or  by  complete  destruction. 
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The  inflammatory  reaction  to  infections  of  tlie  blood-vessels 
is  the  same  as  in  other  organs  and  tissues.  It  may  be  due  (1)  to 
the  organism  itself,  (2)  to  the  toxin  derived  from  it,  or  (3)  to  the 
injured  cells.  It  is  sometimes  easy  to  distinguish  these  three  forms 

of  leaction,  but  at  other  times  it  is  not  as  they  are  often  variously 
combined. 

Collections  of  leukocytes  sometimes  occur  beneath  the  lining 
endothelium  of  blood-vessels.  They  are  usually  due  to  toxins 
diffusing  from  organisms  in  the  surrounding  tissues  and  filtering 
through  the  vessel  wall.  Thus  polymor])honuclear  leukoc3ffes 


✓ 


Fig.  3.50.  Artory.  Kidney.  Detail  from  infectious  lesion  in 

BiSrick'icytt 


wall. 

Be- 


often  accumulate  m large  numbers  in  this  location,  especially  in 
arteries;  for  instance,  in  the  lung  in  lobar  pneumonia,  in  the 
meninges  m acute  infectious  processes,  and  in  many  different 
organs  and  ti.ssues  in  infections  due  to  the  glanders  bacillus 
bometiines  eiKlothelial  leukocytes  and  often  lymphocytes  may 

mov^l  m situation.  These  three  t.vpes  of  leukoevtes 
may  be  combined  in  different  proiiortions. 

mi.iilf  fil!’'-  reaction  to  many  orRanisms 

mud  fibrin  is  often  formed  from  the  exuded  serum  or  from  tint 

cneulating  witliin  the  vessel.  As  in  toxic  lesions  it  is  useftilin 
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some  resjiects,  l)ut  is  always  a comiilicating  and  often  a very  in- 
jurious element.  Unless  many  jiolymorplionuclear  and  endothelial 
leukocytes  are  attracted,  and  the  fibrin  is  dissolved  by  ferments 
eliminated  by  them,  it  stimulates  fibroblasts  to  jiroliferate.  It 
does  not  of  itself  attract  leukocytes.  The  fibrin  may  form  in 
abundance  in  the  wall  of  a vessel,  in  the  perivascular  tissue,  or 
within  the  lumen  as  a thrombus  which  may  partially  or  coni]:)letely 
occlude  it. 

Hemorrhage. — Hemorrhage  is  a frequent  complication  of  in- 
fectious lesions  especially  when  the  organism,  as  for  instance  the 


Fig.  .3.57.— Glan'dors.  Artc'ry.  Infection  around  vessel  and  invading  it. 
Polymorphonuclear  leukocytes  have  accuinidated  in  large  numbers  beneath 
lining  endothelium.  M. 

anthrax  bacillus,  is  strongly  toxic.  Injury  of  the  wall  may  cause 
hemorrhage  so  (luickly  that  little  else  is  seen  but  the  blood  around 
the  vessel,  and  death  may  occur  before  much  of  any  inflammatory 
reaction  has  had  time  to  take  place. 

Repair. — Repair  of  infectious  lesions  in  blood-vessels  takes 
])lace  as  in  other  tissues.  If  only  a part  of  the  wall  has  been  injured 
ami  little  or  no  fibrin  has  been  formed,  almost  com])lete  restoration 
may  take  place,  ddie  necrotic  cells  anrl  their  fibrils  are  gradually 
dissolved  by  the  action  of  polymorplionuclear  leukocytes  and 
absorbed.  Tlu;  hardest  mate'rials  to  dispose  of  are  the  elastic 
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and  (‘ollagen  fibrils,  dliey  become  surrounded  b}^  endothelial 
leukocytes  which  often  enlarge  and  may  become  multinucleated, 

lormmg  foreign  body  giant-cells,  just  as  they  do  around  necroti(- 
bone. 


Infectious  lesions  due  to  a septicemia  tend  to  be  distributed 
more  or  less  uniformly  throughout  the  body.  Tliey  may  be  few 
m number  or  very  numerous.  Acute  generalized  miliary  tuber- 
culosis furnishes  a very  good  example  of  the  distribution  and 
varying  minibia-  of  the  lesions  which  may  be  ]n-oduced,  because 
they  all  start  as  lesions  of  the  blood-vessels,  chiefly  the  capillaries, 
although  we  do  not  ordinarily  think  of  them  in  that  Avay 

Lesions  of  the  vessels  start  wherever  the  micro-organisms  find 
odgment,  and,  as  a rule,  enlarge  as  long  as  the  infectious  agent 


Fis.  3.5,S.-Hemorrhage  from  blood-vessel  in  brain.  Due  to  the  anthrax-  baeil- 
his  which  IS  present  in  numbers  in  the  vessel  w-all.  AI. 


thiivcs  and  the  jiatient  lives.  Some  organisms  develoi)  and  pro- 
< liU’e  lesions  m certain  organs  and  tissues  more  rearlily  than  in 
lers  thus  the  staphylococcus  aureus  in  the  kidney  and  heart 

ori 

Oiganisms  infect  only  capillaries  and  sometimes  only  those  in 

in 

The  streptococcus,  ,,erhaps  more  than  any  other  of  tlie  ous- 
1 oduemg  organisms,  causes,  when  present  in  the  cireiilatioli  a 
U lety  of  lesions  which  may  vary  even  in  the  same  patient  from 
simple  ne,.rosis  followed  hy  repair,  hecailse  the  cocal  die  out  T 
tomplefc  destruction  of  the  wall  and  abscess  formation. 
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Four  cases  will  illustrate  the  different  types  of  lesions  which 
may  be  jiroduced: 

In  the  first,  a girl  eight  years  old,  death  occurred  from  acute 
purulent  arthritis  secondary  to  scarlet  fever  and  diphtheria  and 
rlue  to  the  streptococcus  pyogenes.  Multiple  acute  infectious 
lesions  of  the  blood-vessels  were  found  in  the  heart,  kidneys  and 
liver.  They  all  showed  jiractically  the  same  kind  of  histologic 
change,  necrosis  of  a part  of  a vessel  wall,  with  consideral)le  fibrin 
formation  and  the  accumulation  of  numerous  polymorphonuclear 


Fig.  3.59. — Artery.  Heart.  Acute  infectious  lesion;  necrosis,  fibrin- 
formation,  leukocytic  infiltration.  Yielding  of  wall  forming  infectious  aneu- 
rysm. M. 

and  endothelial  leukocytes  and  some  lymphocytes  in  the  ])eri- 
vascular  tissue  adjoining  the  site  of  the  injur}'.  But  little  fibrin 
was  deposited  as  a thrombus  within  the  vessels.  It  was  either  in 
the  wall  or  on  the  outside.  In  one  of  the  arteries  in  the  heart  the 
injured  wall  is  yielding  to  the  blood  pressure,  forming  an  aneurysm 
of  infectious  origin. 

The  second  patient  was  a male,  nineteen  years  of  age,  who 
died  from  tyfiical  acute  articular  rheumatism  of  two  weeks  dura- 
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tioii  coinplicMtcd  at  the  end  with  lobar  jiiieuiiioiiia.  There  was 
also  a slight  mitral  endocarditis.  Numerous  lesions  were  found 
in  the  heart,  in  the  walls  of  the  arteries,  and  extending  into 
the  surrounding  connective  tissue.  They  were  milder  in  type 
than  in  the  preceding  case  and  evidently  in  the  stage  of  repair. 
Some  showeel  considerable  fibrin  and  numerous  endothelial  leuko- 
cytes. Strands  of  collagen  fibrils  left  l)y  necrotic  fibroblasts 
were  surrounded  by  them  in  places.  Alongside  some  of  the  vessels 
focal  cellular  areas  of  connective  tissue  due  to  proliferation  of  the 
fibroblasts  were  present,  and  were  surrountled  and  infiltrated  by  a 
few  lymphocytes.  These  are  the  lesions  considered  characteristic 


I 


Fi^.  .360.  Artery  in  muscle.  Periarteritis  norlnsn  tUnuo  T'*..  t' 


of  acute  articular  .lieumatism.  They  do  not  dilTer  from  tliose 
already  described  except  in  intensity. 

In  a third  case,  the  patient,  a woman  aged  thirty-three  years 
died  from  chronic  infectious  endocartlitis  of  the  mitral  valve  due 

in  type  to  that  described  by 
3 ton  and  I ayne.  The  heart  showed  a number  of  infectious 

Zretivo  '•  "“"A?'  tl.e  sunomnlZ 

mective  tissue.  Some  were  acute  and  others  healing  The 
important  point  is  that  all  stages  in  the  development  of  lesions 
orresponding  to  those  described  in  the  first  two  cases  were  jiresent 
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111  the  liver  aiul  kidney  and  in  innsele-tissne  from  a case  of 
periartei’itis  nodosa  some  of  tlie  lesions  are  acute  and  exactly  like 
those  described  in  case  one.  Others  are  in  all  stages  of  repair.  The 
lesion  is  peculiar  only  in  one  respect;  evidently  much  filirin  was 
formed  within  and  outside  of  the  vessels  and  it  has  led  to  marked 


proliferation  of  fibroblasts,  so  that  the  walls  of  some  of  the  vessels 
are  greatly  thickened.  j\Iany  are  also  completely  occhuled  by 
thrombus  formation. 


These  four  cases  illustrate  very  clearly  the  different  types  of 
infectious  lesions  produced  in  blood-vessels  by  an  organism,  usually 
some  variety  of  streptococcus,  which  is  not  too  virulent  and  which 
dies  out  quickly  after  causing  an  injury,  thus  giving  oiiportunity 
for  repair.  It  seems  fair  to  conclude  that  the  lesion  often  found  in 
the  heart  in  acute  articular  rheumatism  is  characteristic  not  of  that 
disease,  but  only  of  an  acute  infectious  process  which  has  involved 
the  walls  of  blood-vessels.  Similar  lesions  may  occur  in  the  heart 
in  other  infections  which  have  not  presented  the  symptoms  char- 
acteristic of  acute  articular  rheumatism. 

Special  Infectious  Agents. — ('ertain  other  micro-organisms, 
which  more  or  less  freciuently  infect  blood-vessels,  require  brief 
separate  consideration  because  the  lesions  which  they  cause  differ 
in  some  resiiects  from  those  already  described.  They  are  the 
bacilli  of  glanders,  tuberculosis  and  leprosy  and  the  trejionema 
jiallidum.  In  order  to  understand  fully  the  lesions  which  they  pro- 
duce it  is  necessary  to  bear  in  mind  the  nature  of  the  inflammatory 
reaction  which  each  of  these  infectious  agents  brings  about  in  the 
human  body. 

Glanders. — The  blood-vessels  are  often  infected  in  glanders, 
hen  they  are  involved  from  without  the  vessel  wall  may  gradually 
undergo  necrosis  and  polymorphonuclear  leukocytes  may  collect 
in  large  numbers  beneath  the  lining  endothelium.  The  charac- 
teristic lesions  are  formed,  however,  within  the  vessels,  most  often 
in  veins  by  the  immediate  presence  of  the  bacilli.  The  cellular 
reaction  of  polyrnorjihonuclear  leukocytes  around  them  togethe^r 
with  the  formation  of  more  or  less  fibrin,  lead  to  obstruction  of  the 
vessels  and  often  to  extension  of  the  thrombotic  process  along  them. 
Involvement  of  the  surrounding  tissue  by  direct  extension  and 
abscess  formation  is  the  usual  termination.  The  interesting  jioint 
is  that  the  large  multilobulated  cells  so  characteristic  of  the  glanders 
lesions  are  usually  present  in  these  thrombi. 

Tuberculosis.- — With  a knowledge  of  the  reaction  of  the  body 
to  the  injurious  effect  produced  by  the  tubercle  bacillus,  the  tuber- 
culous lesions  of  blood-vessels  may  be  presented  in  a few  words. 
Lesions  in  the  capillarii's  are  very  common.  They  are  due  to  the 
bacilli  being  taken  uj)  by  the  lining  endothelial  cells.  The  toxins 
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eliminated  by  them  attract  endothelial  leiikoc3des  which  occlude 
the  vessel  and  in  time  cut  off  the  nutrition.  Alost  miliar^’’  tubercles 
start  in  this  way.  In  the  terminal  veins  of  the  sjileen  the  endothe- 
lial leukocytes  sometimes  collect  in  such  large  numbers  as  to  distend 

and  occlude  them.  They  form  what  ma}"  be  called  endothelial- 
cell thrombi. 

The  larger  blood-vessels,  both  veins  and  arteries,  are  most  often 
infected  from  without  by  direct  extension  of  the  tuberculous  lesions 
surrounding  them.  Such  infections  of  the  vessels  can  be  found 
most  often  in  the  meninges  and  in  the  lung.  The  bacilli  may 
m\  ade  the  intinia  and  give  rise  to  miliaiy  tubercles  13'ing  beneath 
the  endothelial  lining,  or  more  commonly  to  the  formation  of 
thrombi  consisting  of  fibrin  or  of  endothelial  leukocytes,  or  of  a 
varying  combination  of  these  two  elements.  In  the  fibrinous 
thromlnis  the  tubercle  bacilli  may  develop  in  great  numbers  and 
later,  by  softening  and  rupture  of  the  thrombus,  be  discharged 
into  the  circulation.  Evidently  fibrin  under  certain  conditions  is  an 
excellent  culture  medium  for  the  tubercle  bacillus.  Infection  of 
the  larger  blood-vessels  from  the  intimal  side  is  rare  but  possible- 
miliary  tubercles  have  been  found  even  on  the  inner  surface  of  the 
aorta. 

Tuberculous  lesions  of  the  arteries  and  aorta  have  in  rare 
instances  caused  weakening  of  the  wall  and  aneurysmal  formation 
_ I he  tuberculous  lesions  of  blood-vessels  may  be  summed  up 
m a few  words.  ^ They  are  very  common  in  capillaries  and  lead  to 
complete  occlusion  of  them.  They  occur  more  or  less  frequently 
m the  small  veins  and  arteries  especially  in  certain  ]iarts  of  the 
bod3^  such  as  the  lungs,  for  instance,  and  are  dangerous  because 
the  tubercle  bacilli  may  multiply  in  great  numbers  and  by  escaii- 
ing  into  the  circulation  give  rise  to  acute  generalized  miliary 
tuberculosis.  Rarely  they  lead  to  the  formation  of  an  aneurysm 
111  ar  eries  or  the  aorta  from  which  again  large  numbers  of  bacilli 
ina3-  be  discharged  into  the  blood. 

Leprosy. —In  leprosy  the  changes  in  the  lilood-vessels  are  not 
prominent.  Bacilli  are  very  often  jiresent  in  small  to  large  numbers 
m the  lining  endothelial  cells.  They  attract  no  leukocytes  as 
Bibeicle  bacilli  would  do  and  produce  no  visible  effect  of  any  sort. 

^ ® seem  to  invade  the  adjoining  tissue.  Another 

3 pe  of  fesion  is  due  to  the  presence  of  endothelial  leukocytes  filled 

ridprn}T'?i  -“I  consequence  be  con- 

near  thL  ^ “ the  fibroblasts 

their  wnl  r ' thickening  of 

t eir  nails  with  narrowing  of  their  liimiiia  and  disappearance  of 

'orTs^i';  T''f,  "‘'■“bh.y  of  leprosy 'nodules  and 

Sclerosis  of  ttTiCl-vesSs!' 
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Syphilis. — Lesions  of  blood-vessels  due  to  the  immediate  jires- 
('Hce  of  the  treponema  iiallidum  occur  fn'quently  and  at  all  stages 
of  the  disease.  They  are  most  important,  however,  during  the 
tertiary  stage  because  then  they  tend  to  be  iirogressive,  freiiuently 
causing  complete  obliteration  of  the  lumen  and  necrosis  (infarction, 
gumma)  of  the  tissue  supplied  bj'  the  vessel  affected.  The  infection 
may  involve  the  vessel  from  without,  starting  in  the  adventitia,  or 
it  may  begin  in  the  intinia.  It  consists  of  a low  grade  of  inflam- 
matory reaction,  chiefly  endothelial  leukocytes  and  lymphocytes 
combined  sometimes  with  iiolymorphonuclear  leukocytes.  Rejiar- 
ative  proliferation  of  the  fibroblasts  is  usually  a jirominent  feature. 
Owing  to  extension  of  the  infection  the  media  generally  becomes 


Fig.  .361. — Syphilis,  acquired.  Aorta.  Area  of  necrosis  in  upper  part  of 
media.  Intinia  thickened  owing  to  fibrin-formation  and  organization.  M. 


involved  in  the  process.  As  soon  as  necrosis  is  jiroduced  much 
fibrin  is  formed  both  tvithin  and  outside  of  the  vessel. 

The  lesions  in  the  aorta  do  not  differ  in  essential  nature  from 
those  in  other  blood-vessels,  but  are  usually  more  extensive.  They 
may  start  in  the  intima  or  adventitia,  but  prolialily  most  (;ommonly 
in  the  former  and  certainly  as  a rule  extend  to  the  media.  Alore  or 
less  extensive  necroses  may  be  formed  which  often  attract  leuko- 
cytes in  large  numbers.  These  lesions  are  usually  spoken  of  as 
miliary  gummas.  Fibrin  often  forms  on  the  intimal  surface  and 
undergoes  organization  by  fibroblasts. 

Arteriosclerosis. — Arterio.scderosis  is  the  ti'rm  applied  to  the 
more  or  less  chronic  hisions  of  the  aorta  and  arteries,  or  to  the  end 
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Iiroduct  of  these  lesions.  It  is  tlie  end  result  of  the  various  toxie, 
nutritional  and  iiitectious  lesions  involving  the  artiTial  system.  It 
corresiionds  to  sclerosis  of  the  liver,  kidne.y  and  other  organs.  It 
is  usually  of  toxic  origin,  but  may  be  the  result  of  infection  (sypliilis). 
I he  two  forms  may  be  and  often  are  combined.  Disturliances  of 
nutrition  may  play  an  important  part,  more  particularly  in  the 
smaller  vessels  (kidney,  for  example).  It  is  l)y  no  means  easy  or 
always  possible  to  state  in  a given  case  the  nature  of  the  origin  of 
the  chronic  lesions  m the  aorta  and  in  the  arteries,  but  a knowledge 
ot  the  way  m vdnch  the  different  t\pes  of  lesions  develoi)  and  their 
usual  (hstribution  will  helj)  much . 

Some  pathologists  prefer  the  term  atherosclerosis  because  fat 
mid  Its  products,  which  so  commonly  complicate  the  lesions,  often 
orm,  together  intli  the  cellular  reaction  to  them,  a more  prominent 
teature  than  the  primary  lesion  or  the  sclerosis.  Moreover  the 
sderosis  IS  usually  slight  except  when  fibrin  has  led  to  organization 
01  V hen  the  lesion  is  due  to  the  treponema  pallidum.  On  the  whole 
liowever,_  the  older  term,  arteriosclerosis,  seems  to  be  preferalile! 

Arteriosclerosis  is  a very  common  and  often  prominent  patho- 
ogic  condition  m people  beyond  middle  age,  but  similar  lesions 
sometimes  occur  in  comparatively  young  people  (sixteen  years  of  age, 
01  indance).  \ ery  often  there  are  present  all  stages  of  the  process 
from  injury  and  necrosis  Mth  fat  accumulation,  to  the  resulting 
intlammatory  reaction  and  repair,  and  to  these  there  mav  be  added 
the  complications  due  to  calcification,  surface  erosion,  fibrin  for- 
ma ion  and  organization.  The  result  is  a very  confusing  picture 
both  m gross  ami  microscopically.  It  can  be  understood  only  bv 
analyzing  It  into  its  different  elements  and  arranging  them  in  the 
Older  of  their  development. 
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Introduction. — Toxic  lesions  play  no  important  lairt  in  the 
pathology  of  the  lungs.  There  are  no  highly  differentiated 
parenchymatous  cells  present  in  numbers  like  tlie  liver  cells  in 
the  liver  and  the  muscle-fibers  in  the  heart,  which  can  be  affected 
by  toxins  circulating  in  the  blood  or  entering  with  the  insi)ired 
air.  The  epithelium  lining  the  lu’onchi  and  air-sacs  jffays  a use- 
ful but  insignificant  part;  it  is  only  a surface  covering. 

The  most  important  lesions  of  the  lungs  are  those  of  infectious 
origin.  They  occur  in  the  greatest  variety.  Here  they  are 
taken  up  only  from  the  anatomic  ]wint  of  view.  The  different 


Fig.  362. — Lung.  Chronic  i)u.s.sive  congestion.  Dilated  caj)illanes  projecting 

from  wall  into  alveoli  on  each  side. 

forms  of  inflammatory  reaction  occurring  in  them  will  be  found 
discussed  under  the  various  infectious  agents  which  cause  them. 

Disturbances  of  Circulation. — Acute  congestion  in  the  lungs  is 
of  little  significance  by  itself.  It  is  present  in  all  acute  inflamma- 
tory conditions,  follows  extreme  exertion,  and  occurs  as  the  result 
of  sudden  heart  failure. 

Chronic  passive  congestion  is  of  more  im]:)ortance.  It  occurs 
most  often  in  consequence  of  obstruction  or  leak  in  the  left  heart, 
especially  when  due  to  lesions  of  the  mitral  valve.  The  internal 
vascular  pressure  causes  distension  and  elongation  of  the  capil- 
laries so  that  they  ]:>roject  in  loops  from  the  alveolar  walls  into  the 
air-sacs.  Small  hemorrhages  from  the  di.stended  ca])illaries  are 

common.  The  red  blood-cor])uscles  which  are  not  exj)ectorated 
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are  taken  iij)  by  endothelial  leukoe.ytes  whieli  occasionally  fill 
some  of  the  alveoli.  They  are  sometimes  called  heart-failure  cells. 
Some  of  the  leukoeytes  invade  the  walls  and  settle  around  the 
blood-vessels  and  bronchi.  They  gradually  transform  the  hemo- 
globin into  hemosiderin.  If  carbon  is  taken  up  by  the  same  leu- 
kocytes the  hemosiderin  is  deiiosited  around  the  carbon. 

Chronic  passive  congestion  leads  to  increased  consistence 
of  the  lungs  which  are  tlenser  to  the  touch,  and  do  not  contract 
as  under  normal  conditions.  In  color  they  appear  dark  red  or 
brownish  red.  ^\hen  the  leukocytes  containing  blood  pigment 
are  numerous  they  may  appear  as  orange  colored  specks. 

Infarction. — An  infarction  in  the  lung  is  always  hemorrhagic 
and  is  always  due  to  an  embolus.  An  embolus,  however,  does  not 
always  produce  an  infarction;  it  does  it  only  under  two  conditions 

when  the  embnlus  is  infected  or  when  there  is  chronic  passive 
congestion  in  the  pulmonary  circulation.  As  the  result  of  occlu- 
sion of  a pulmonary  artery  the  blood  pressure  in  the  affected 
area  is  at  first  much  lowered,  but  is  soon  raised  again  owing  to 
back  pressure  from  the  surrounding  veins.  Circulation  ceases 
stasis  exists,  and  hemorrhage  into  the  alveoli  soon  takes  ]dace' 
probably  entirely  as  the  result  of  injury  to  the  cells  of  the  vessels 
owing  to  lack  of  nutrition.  Necrosis  of  all  the  cells  in  the  infarcted 
focus  is  soon  evident. 

Infarctions  of  the  lungs  are  always  at  the  periphery  of  the 
lobes;  they  vary  much  in  size  and  rarely  may  involve  an  entire 
lobe.  As  a rule  they  are  multiple.  They  occur  most  often 
shortly  before  death,  but  if  the  patient  survives,  repair  takes 
place.  An  inflammatory  exudation  at  the  peripher^^  is  followed 
by  granulation  tissue.  The  infarction  is  gradually  invaded  and 
absorbed  and  replaced  by  scar  tissue. 

A septic  infarction  quickly  becomes  invaded  by  the  infectious 
agent  present  and  is  usually  converted  into  an  abscess  or  into  a 
gangrenous  focus.  A bland  infarction  may  undergo  the  same  ter- 
mination as  the  result  of  infection  by  way  of  the  bronchi. 

Fat  embolism  is  not  of  great  importance  in  the  lungs  unless 
the  amount  of  fat  is  excessive  so  that  at  least  one-third  of  all  the 
Idood-vessels  are  occluded.  Under  this  condition  small  hemor- 
rhages and  edema  may  occur. 

Edema.  Fluid  containing  more  or  less  albumin  often  accumu- 
lates in  the  alveoli  and  smaller  bronchi  of  the  lungs.  It  may 
also  distend  the  lymph-vessels.  The  causes  of  this  accumulation 
01  tluid  are  several,  and  the  extent,  distribution  and  coinj^sition 
of  the  fluid  vary  with  the  cause.  The  albumin  contained  in  solu- 
tion  Ls  precipitated  in  granular  form  by  some  fixatives  (Zenker’s 
fluid,  boiling)  but  not  by  others  (formaldehyd). 
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In  generalized  edema  of  the  lungs,  due  to  impairment  of  the 
heart’s  action,  or  to  certain  disturbances  resulting  in  hydremia 
(chronic  nephritis,  pernicious  anemia,  etc.)  the  fluid  escaping 
from  the  vessels  everywhere  tends  to  accumulate  in  the  dependent 
parts  of  the  lungs  according  to  the  position  of  the  l)ody,  usually 
in  the  posterior  inferior  portions.  The  fluid  collecting  under 
these  conditions  contains  a moderate  amount  of  alliumin  ami 
usually  a few  descpiamated,  swollen  epithelial  cells.  When  the  ac- 
cumulation of  fluid  is  abundant  the  lungs  are  voluminous  and 
heavy,  the  consistence  is  doughy,  and  on  section  a watery  fluid 
mixed  with  more  or  less  air  in  the  form  of  small  bubbles  escapes 
from  the  surface. 

The  fluid  jiresent  in  edema  is  a good  culture  medium.  On 
this  account  it  is  always  liable  to  infection,  which  takes  the  form 
of  so-called  h^^iostatic  pneumonia. 

Localized  edema  is  usually,  perhaps  always,  of  inflammatory 
origin.  It  is  a serous  exudation  and  contains  a higher  jiercentage 
of  albumin  than  the  fluid  in  generalized  edema,  and  also  a varying 
number  of  leukocytes.  Fibrin  may  form  in  it.  It  is  common  in 
the  early  stage  of  lobar  pneumonia  and  also  in  connection  with 
atelectasis  and  hypostasis,  jirobably  as  a result  of  their  being 
infected.  In  certain  tuberculous  lesions,  where  the  l^^mphatics 
are  involved,  localized  edema  may  be  present  and  may  ex- 
hibit a gelatinous  appearance  owing  to  the  large  amount  of  albu- 
min and  numerous  endothelial  leukocytes  contained  in  it. 

Lesions  of  Mechanical  Origin. — Two  different  forms  of  emphy- 
sema are  recognized,  (a)  Interstitial  emphysema  is  due  to  the 
escape  of  air  from  the  lung  into  the  interstitial  tissue  between  the 
alveoli,  especially  into  tlie  connective-tissue  septa  between  the 
lobules.  The  condition  results  from  rupture  of  the  alveolar  wall 
in  consequence  of  increased  air  pressure  as  in  violent  coughing, 
for  example.  The  interstitial  air  may  extend  to  the  liase  of  the 
lung  and  by  this  path  eventually  reach  the  wall  of  the  thorax. 

(b)  Alveolar  emphysema  is  a condition  in  which  the  air-sacs 
are  much  distended  and  often  coalesce  to  form  vesicles  of  consider- 
able size,  occasionally  one  to  several  centimeters  in  diameter, 
with  thin  walls.  The  cause  of  the  dilatation  in  many  instances 
is  increased  air  pressure  due  to  obstruction  to  expiration,  but  a 
similiar  condition  may  a]:>parently  arise  simply  from  old  age  and 
atrophy  of  lung  tissue.  The  elastic  fibers  in  the  alveolar  walls 
diminish  in  number  and  many  of  the  capillaries  disap]>ear,  so  that 
eventually  obstruction  to  the  flow  of  blood  through  the  lungs 
is  produced  and  causes  chronic  passive  congestion  in  the  venous 
circulation. 

In  spite  of  the  atrojihy  of  lung  tissue  alveolar  emphysema 
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results  in  increase  in  the  volume  of  the  lungs  and  hence  of  the 
thorax,  giving  it  the  well-recognized  barrel  shape. 

Carbon  and  less  often  certain  other  substances,  such  as  iron 
in  pulverized  form,  enter  the  lung  and  act  injuriousl3\  Their 
effect,  so  far  as  we  know,  is  entirel>^  mechanical.  A descriiition 
of  the  lesion  the,y  produce  will  be  found  under  the  heading  “Car- 
bon.” 

Atelectasis  is  the  term  applied  to  undistended  or  to  compressed 
foci  of  lung  tissue.  The  condition  ma>^  be  congenital,  due  to 
parts  of  the  lung  not  having  lieen  inflated  at  the  time  of  birth, 
or  acquired,  due  to  compression  of  lung  tissue  from  without  by 
fluid,  tumor  or  other  cause,  or  to  obstruction  of  a bronchus 
by  mucus,  inflammatory  secretion,  foreign  body,  etc.  Following 
the  obstruction  the  air  in  the  part  affected  is  soon  absorbed,  the 
blood-vessels  are  distended  and  the  part  involved  appears  of  a ' 
dark  bluish-red  color.  It  is  always  sharjily  limited  to  several  or 
many  lobules. 

Atelectatic  lung  tissue  on  microscopic  examination  shows 
contracted  alveoli  with  the  lining  epithelial  cells  prominent 
and  more  or  less  cuboidal  in  shape  owing  to  contraction. 

Lesions  of  Infectious  Origin. — The  infectious  lesions  are  the 
most  numerous,  varied  and  important  of  the  pathologic  processes 
affecting  the  lungs.  They  are  due  to  a great  variety  of  micro- 
organisms among  which  the  bacteria  easily  hold  first  place. 

I he  lungs  are  open  to  infection  through  the  bronchi  as  well 
as  through  the  venous  and  arterial  circulation,  by  direct  continu- 
ity with  the  pleural  and  pericardial  cavities  and  the  surrounding 
tissues,  and  through  the  lymphatics. 

The  infectious  lesions  of  the  lungs  are  classified,  for  the  most 
part,  on  an  anatomic  basis  (lobar  and  lobular  or  focal  pneumonia), 
although  etiology,  manner  of  infection,  etc.,  sometimes  play  a 
part  (tuberculous  pneumonia,  embolic  pneumonia).  The  anatomic 
point  of  view  will  be  followed  here  so  far  as  possible,  because  the 
esions  have  already  been  presented  etiologically  under  the  infec- 
tious agents.  The  anatomic  lesions  recognized  are  lobar  jmeu- 
moma,  lobular,  focal  or  bronchopneumonia,  aliscess  and  cavity, 
they  may  be  acute  or  chronic  in  their  clinical  course. 

Lobular  pneumonia  is  the  term  ajiplied  to  inflammatory  foci 
m the  lung  involving  only  part  of  a lobe.  The  foci  arc  usually, 
but  not  always  multiple.  Other  terms  in  common  use  are  focal 
pneumoma  and  bronchopneumonia. 

Manner  of  Infection.~ln  lobular  pneumonia  infection,  as  a 
ru  e,  takes  place  through  the  bronchi  and  through  the  same  chan- 
nels the  organisms  may  be  distributed  to  other  parts  of  the  lung  to 
start  up  other  foci  of  infection.  Infectious  agents  may  also  reach 
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the  luns,  however,  through  the  circuhition  and  give  rise  to  loliular 
pneumonia.  Lesions  arising  in  this  manner  are  sometimes  called 
embolic  pneumonia. 

In  generalized  miliary  tuberculosis  the  lesions  in  the  lung, 
especially  in  children,  although  called  miliary  tubercles,  are  histo- 
logically often  miliary  foci  of  tuberculous  pneumonia  of  embolic, 
that  is  vascular,  origin.  ’ 

An  organism  which  reaches  the  lung  through  the  blood  may 
later  spread  through  the  bronchi. 


Fig.  363. — Lung.  Focal  pneumonia  due  to  the  blastomyces.  M. 


Etiology. — I.obular  pneumonia,  unlike  lobar  pneumonia,  may 
be  due  to  a great  variety  of  micro-organisms.  The  most  frequent 
one  is,  perhaps,  the  micrococcus  lanceolatus  followed  by  the 
streptococcus  pyogenes,  the  staphylococcus  aureus,  the  tul)erclc 
bacillus  and  many  others  which  are  found  onl}^  occasionally^  such 
as  the  glanders  bacillus,  actinomyces,  oidiornyces,  etc. 

Injury. — The  injury  in  lobular  pneumonia  depends  chiefly 
on  the  character  of  the  infectious  agent.  It  may  be  slight  if 
due  to  the  diplococcus  lanceolatus,  for  example,  or  severe  (necro- 
sis) if  due  to  the  staphylococcus  aureus  or  the  glanders  bacillus. 
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Necio&is  is,  pcrhajis,  more  likely  to  occur  when  infection  takes 

place  through  the  blood-vessels  than  when  it  conies  through  the 
bronchi. 

Reaction.  The  inflammatory  reaction  in  the  lung,  like  the 
injury,  depends  largely  on  the  character  of  the  infectious  agent 
It  may  vary  from  serum  and  a few  polymorphonuclear  leukocytes 
to  an  abundance  of  fibrin  or  to  acute  supjiuration.  Sometimes 
encothelial  leukocytes  jilay  the  more  prominent  part.  Karely 
giant-ce  Is  are  formed  by  syncytial  growth  of  the  lining  epithelium 
tleinorrhage  is  a frequent  complication.  The  walls  of  the  alveoli 
and  bronchi  may  remain  intact  or  undergo  necrosis  and  persist 
m caseous  material  or  dissolve  with  aliscess  formation. 

re.mHn^  ^''^'"T'onia  begins  in  minute  foci  of  inflammatory 
reaction  around  single  organisms  or  small  groups  of  them,  anil 
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nin,t  /r  Pr'l’l'crally.  througl,  the  walls  of  alveoli  and 

1 1 this  wav '“7  r ‘o'  *oci  often  become  confluent 

fimesl  W ‘ “>”''““'''''8  'a>go  foci  are  formed.  Somc- 

t e n “ , Poouinoma  due  to  the  di|>lococcu.s  lanceolatus  and  to 

The*  '■•'‘psulatus  sugge.sts  this  mode  of  formation 

who  arc  Zr  r"""  '''-'1-vessel.s  and  X 

goes^  Zohi'tf i"  Pnoumonia  usually  under- 

It  i.s  al4,  ‘"'"''S  place  just  as  in  lobar  pneumonia 

tubercle  ijcillus.”™  *"  ‘’'"■““‘o  lesions  due  to  tlie 
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Fig.  365. — Lung.  Lobar  pneumonia.  Bacillus  mucosus  capsulatus. 
Most  of  the  bacilli  are  contained  within  the  cytoplasm  of  polymori)honuclear 
leukcoytes.  M. 


Fig.  306. — Lung.  Lobar  pneumonia.  Necrosis  of  alveolar  wall.  Invasion 

with  leukocytes. 
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Lobar  pneumonia  is  duo  in  most  instances  to  the  dijilococcus 
hinceolatus.  It  may,  however,  be  caused  occasionally  by  the 
bacillus  mucosus  capsulatus  and  possibly,  also,  by  the  bacillus 
typhosus  and  a few  other  organisms. 

Injury.  In  the  ordinary  case  of  lobar  pneumonia  it  is  not 
easy  to  demonstrate  any  marked  injury  done  to  the  lung  tissue. 
The  inflammatory  reaction  seems  to  be  chiefly  to  counteract  the 
organisms  and  their  toxins.  Some  injury  is,  however,  probably 
inflicted  on  the  lining  epithelial  cells  so  that  some  of  them  are 
injured  and  destroyed,  because  mitosis  of  lining  epithelial  cells 
IS  occasionally  found,  indicating  regeneration.  In  very  toxic 
cases  of  lobar  imeumonia,  however,  the  injury  is  more  severe 


tig.  36/ . Lung.  Lobar  pneumonia.  Diplococcus  lanceolatus. 

ism  IS  abundant  m the  serous  exudation.  M. 


The  organ- 


and  may  affect  the  whole  thickness  of  the  alveolar  wall  causine- 
necrosis  of  all  the  tissue  cells  and  thrombosis  of  the  capillaries 
^vh•^'^  niterest  m connection  with  abscesses  and  organization 
which  not  infrequently  complicate  lobar  pneumonia. 

txudation.~ln  lobar  pneumonia  due  to  the  diplococcus 
anceolatus  the  number  and  virulence  of  the  infecting  organisms 

notiop  seem  to  vary  considerably.  The  first 

oticeable  change  is  engorgement  of  the  capillaries ‘in  the  walls 
of  the  air-sacs  followed  by  an  exudation  of  serum.  In  Tc^e 

largrrumb^^^^^  ^ ^Iie  air-sacs,  and  contains 
a ge  numbers  of  diplococci.  In  other  instances  the  organisms 

are  less  numerous  and  the  serum  less  abundant.  Coincident 
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with  the  appearance  of  the  serum  or  immediately  following  it, 
polymorphonuclear  leukocytes  make  their  ajipearance  in  varying 
numbers,  emigrating  from  the  cajhllaries.  They  show  a marked 
tendency  to  incorporate  the  organisms  and  often  contain  them  in 
large  numbers.  Endothelial  leukocytes  also  appear,  usually  in 
comparatively  small  numbers. 

The  exudation  is  almost  invariably  complicated  by  the  formation 
of  fibrin,  usually  in  large  quantities,  but  sometimes  only  a little 
appears,  at  least  in  the  early  stage  of  infection.  The  fibrin  may  be 
more  abundant  at  first  near  the  alveolar  walls,  or  form  out  in  the 
middle  of  the  air-sacs.  Strands  of  it  may  frequently  be  seen  run- 
ning through  minute  oiienings  in  the  alveolar  walls  and  connecting 


Fig.  368. — Lung.  Lobar  pneumonia.  Fibrin  passing  through  openings  in 

wall  between  two  alveoli. 

with  the  fibrin  in  the  adjoining  air-cells.  These  points  of  contact 
with  the  walls  are  of  interest  because  it  is  here  that  organization  of 
the  fibrin  starts  when  resolution  does  not  occur. 

The  exudation  is  usually  comjilicated  also  by  more  or  less 
hemorrhage  from  the  engorged  capillaries.  The  liemorrhage  as  a 
rule  occurs  in  small  foci,  not  diffusely.  This  early  stage  of  lobar 
pneumonia  characterized  by  congested  vessels  and  beginning 
exudation  is  known  as  the  stage  of  red  hepatization. 

As  the  exudation  increases  in  amount  and  the  fibrin  mesh- 
work  thickens  up  the  air-sacs  are  greatly  distended,  the  alveo- 
lar walls  stretched,  and  the  cai)illaries  compressed  so  that  they 
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no  longer  a])pear  engorged.  A.s  a result,  the  redness  due  to  con- 
gestion and  to  some  extent  to  hemorrhage  fades  and  the  lung 
passes  into  the  stage  known  as  giTy  hei)atization. 

This  condition  is  followed  ordinarily  l)y  tlie  stage  of  resolution, 
a peTiod  during  which  the  leukocytes  increase  greatly  in  number 
the  hbrm  dissolves  to  a greater  or  less  extent  under  the  digestive 
action  of  the  polymorphonuclear  leukocytes,  the  air-sacs  contract 
and  active  circulation  returns  to  the  capillaries. 

Sometimes  m the  stage  of  resolution  endothehal  leukoevtes 
make  their  apjiearance  m large  numbers  in  the  alveoli  and  often 
mcoriwrate  the  pobunorphonuclear  leukocytes  in  their  cytoplasm, 
n the  lobar  pneumonia  occurring  in  t}^phoid  fever  endothelial 
leukocytes  are  usually  very  numerous. 

pneumonia  the  exudation  takes  place  not 
onl}  nto  the  air-sacs  as  already  described,  but  also  into  the 

the  larger  bronchi.  They  are  sometimes 
completely  occluc  ed  by  a dense  network  of  fibrin  in  whose  meshes 
are  varying  numbers  of  leukocytes. 

Blood-vessels.-— Another  lesion  not  infrequently  found  in 

and  eiSothpl^T  exudation  of  polymorphonuclear 

mil  leukocytes  beneath  the  lining  endothelium.  It 

ma>  be  only  one  or  two  rows  of  leukocytes  in  thickness  or  half  a 
_ en,  so  that  the  umen  is  much  diminished  in  size.  In  severe 
lesions  the  wall  of  the  blood-vessel  may  become  necrotic. 

.obar  pneumonia  often  does  not  involve  the  whole  of  a lobe 

inZ  f '''’I"  ami 

..  ® ^ serous  exudation  at  the  beginning  may  aid 

m distributing  the  organisms.  ^ ^ 

ited?o"nl'^‘~^''  the  other  hand,  lobar  pneumonia  is  never  hin- 
ted to  one  or  more  lobes  of  the  lung.  It  always  extends  to  the 

t lo  ’nlol-  th  and  the  pericardial  cavity,  into 

evtenSi  of  dm  ' the  peritoneal  cavity,  and  by 

bro.tl7hr/re'TnT‘’'i  I™'’’’-''*’'-’  tl'»  '>lood-ve,ssels  and 

;7t  nr : 

"rsr 'rr  rr “ 

henrebepraTtheT'~^'^''  “",''•'‘*7"  'iistenris  the  air-sacs, 
lobe  S.ie  1 ’T  n"'"*' 

o le  IS  uistended  to  its  full  capacity.  It  is  firm  and  dense  to  tim 

in  ti  e rTaliVlate'’7™"''  ''istinctly  red 

early  and  late  stages  on  account  of  the  engorgement  of  the 
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blood-vessels.  On  section  the  fibrinous  masses  project  and  the 
alveolar  walls  contract;  hence  the  sui-face  appears  granular.  After 
resolution  begins  and  the  fibrin  diminishes  in  amount,  the  surface 
is  less  granular  and  on  jiressure  the  leidvocytes  well  uji  on  the  sur- 
face as  a purulent  fluid.  Sometimes  the  bronchi  are  filled  with  a 
fibrinous  exudate  as  in  diphtheritic  lironchitis.  The  pleural 
lymphatics  may  be  distended  with  a serofibrinous  or  fibrino- 
purulent  exudate  and  stand  out  like  a meshwork  made  of  small 
cords.  The  ])leural  surface  is  covered  with  a thin  or  thick  layer 
of  fibrin  which  may  be  peeled  off  easily.  In  the  beginning  of  the 
process  the  pleural  surface  may  be  simply  clouded. 


Fig.  369. — Lung.  Lobar  pneumonia.  Organization.  Tlie  alveoli  are 
filled  with  plugs  of  granulation  tissue  which  are  rei)lacing  the  fibrin  formed 
from  the  exudation.  M. 

Orqanizntion. — Under  certain  conditions  resolution  is  incom- 
plete or  more  or  less  entirely  lacking.  The  fibrin  contracts  and 
thickens  up  more  or  less,  but  the  masses  in  the  different  alveoli 
usually  remain  connected.  Sometimes  the  surface  of  the  fibrin 
is  covered  over  by  c})ithelial  cells.  INIore  often  the  fibroblasts 
from  the  alveolar  walls  grow  out  into  the  fibrin,  working  from 
the  surface  towards  the  center.  Usually  numerous  capillary  blood- 
vessels accompany  or  precede  the  fibroblasts.  They  gradually 
rei)lac(;  the  fibrin  from  the  surface  towards  the  center.  The  new- 
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formed  granulation  tissiu',  as  it  gets  older,  is  often  infiltrated  with 
numerous  lymphocytes. 

1 he  organization  starts  out  from  the  jioints  where  the  fibrin 
touches  the  walls,  hence,  where  it  runs  through  the  holes  in  the 
alveolar  walls;  also  wherever  the  alveolar  wall  is  destroyed  and 
fibrin  formation  has  taken  ]ilace.  The  empty  alveoli  and  the 
unoccupied  portions  of  others  often  contain  numerous  endothelial 
leukocytes  filled  with  fat  droplets. 

Organization  occurs  not  only  in  the  air-sacs  but  also  in  the 
bronchioles  and  smaller  bronchi,  which  later  may  be  partially 
to  completely  filled  and  occluded  by  granulation  and  scar  tissue. 


( 3/0— Lung.  Lobar  pneumonia.  Organization.  The  oreanizinf? 


In  time  the  newb^-fornied  granulation  tissue  contracts.  The 
alveoli  and  the  remains  of  them  are  compressed  to  gland-like 
cavities  lined  with  cubical  epithelium.  The  new  connective 
issue  may  fuse  so  closely  with  the  alveolar  walls  that  it  is  difficult 
or  impossDle  to  recognize  it  after  a time,  esiiecially  if  much  or  all 
the  epithelium  has  been  destroyed.  The  affected  lung  tissue  may 
)e  reduced  to  dense  fibrous  tissue  with  few  or  no  e]iithelial  elements 

1 11.  1 tj  • 

.y  organizocl  lobe  i.s  usii.ally  more  or  less  oomplotoly  dis- 
eiulod,  as  ra  the  stage  of  e.xudation,  but  it  is  denser  to  the'touch 
and  does  not  crush  readily.  On  section  the  surface  i.s  moist  .and 
wnootli,  not  granular;  it  appears  greyish  or  reddish  grey  and  is 
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usually  speckled  with  yellow  due  to  endothelial  leukocytes  filled 
with  fat  in  the  remaining  alveoli.  If  all  the  air-sacs  were  filled 
with  granulation  tissue  and  the  epithelium  killed  the  organized 
lobe  will,  in  time,  resemble  dense  fibrous  tissue. 

Abscesses  are  of  frequent  occurrence  in  the  lungs,  may  be 
acute  or  chronic  in  duration,  and  like  lobular  pneumonia,  may  be 
due  to  a great  variety  of  organisms.  Infection  may  take  place 
through  the  bronchi  or  the  blood-vessels.  The  lesions  may  be 
small  or  extensive  and  may  discharge  their  contents  through  the 
bronchi  or  rupture  into  a pleural  cavity.  They  })ractically  always 


Fig.  371. — Lung.  Lobar  pneumonia.  Organization.  Bronchiole  filled 
with  a plug  of  granulation  tissue  which  is  attached  to  the  wall  at  several 
points.  M. 


start  as  a lobular  pneumonia  in  which  necrosis  and  softening 
tpiickly  take  place.  xVcute  abscesses  are  most  often  due  to  the 
staphylococcus  aureus,  but  may  lie  caused  Ity  a variety  of 
other  organisms  such  as  the  .streptococcus  pyogenes,  the  glanders 
bacillus,  the  actinomyces,  the  blastomyces,  the  ameba  histolytica, 
etc.  Chronic  abscesses  are  mo.st  often  caused  by  the  tubercle 
bacillus. 

Gangrene  of  the  lungs  is  due  to  the  action  of  putrefactive 
organisms  usually  in  combination  with  pathogenic  bacteria.  They 
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cxuchtim  'k  of  *'>e  t'ssiio  an.l  an  inflammatory 

OMidation.  ll.e  lesion  is  really  an  abscess  eoiii|)licated  ivitli 

I utiefaction.  It  may  be  embolic  in  origin  secondary  to  a pri- 
mary lesion  elsewhere  in  the  body,  such  as  the  uterus;  or  due  to 
infection  through  the  bronchi.  Gangrene  of  bronchogenic  origin 

additT^r  ■'"  ‘'‘rill-fast  bacilli  and  si)?rochete.s^in 

addition  to  numerous  other  organisms. 

Cavities  in  the  lung  may  bo  due  to  dilatation  of  bronchi  (bronchi 
e ases)  or  follow  an  abscess.  They  are  particularly  comiZ  in 
ti  bueulosis,  are  often  multijilc,  and  may  be  of  any  size  up  to  that 

o a lobe.  They  often  contain  trabeculie  clue  to  t pZLte  c 
of  bronchi  and  blood-vessels  within  them.  Pusistence 

Tumors  —Tlie  most  important  primary  tumor  is  the  card 
noma  which  occurs  occasionally  and  arises  usually  from  th„  ' 
indric  epithelium  of  a bronchus  Other  ® 

rare^  for  instance,  chondroma  and' osteoma. 

PLEURAL  CAVITY 

. awiii  Liiu  lung,  Out  also  to  some  ext.pnt  frrma 
dial  and  perit,oneal  cavities  and  from  adioining  tissues  The''”'''"^' 

irrUlfaTeZeT’  ‘‘'-«eoc£:" 

inflammatory  exudatiolt  varZ^ratly“ferum 

leukocytes  and  fibrin  mov  Lp  n "i  P0I3  morphonuclear 

thehaf  leukocytes  ZZlic  t’"’"  P™l»rtion;  endo- 

added  to  theZ'  pIZZ  ZrZ  '* 

in  the  lung  may  complicate  the  coinlTtZ  " f»"‘'^ 

and  Lz:,;;tZn":i:::rpZ‘“‘'“' 

isation  of  he  fil  rin  TZ  T,''”  '"“'■■fn'-ance  and  organ- 

Idasts  invaeZZ  g :,d,Z'''“‘'h  '>‘»«‘>-''''ssris  followed  by  fibo- 

l>oth  the  ZeeZ  ami  fe ' “‘C  f>'oni 

if  the  fibrin  is  not  too  thick  eventually  meet, 

it.  The  hmeZte  Z evenb  all  r""’**  in 

which  in  consequence  become  tianZZeif hrtZbonf crilr'’‘““‘* 

plicated  b the  fZZZZ  Z i°'  -ff»“zation  is  com- 

are surroiifided  bftr‘  an  a ZZe"  ''""''"' 
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Primary  tumors  iire  rare  in  the  pleural  cavity.  4 heoreti- 
cally  the  most  interesting;  of  these  is  the  carcinoma  which  arises 
from  the  lining  mcsothelial  cells. 

Secondary  tumors  are  much  more  common. 

A new-growth  in  the  pleural  cavity  may  appear  in  the  foim 
of  small  nodules,  or  as  a thick  layer  covering  more  or  less  com- 
pletely the  entire  surface.  At  the  same  time  there  always  occurs  a 
serofibrinous  exudation  which  is  often  complicated  by  hemorrhage. 


ORGANS  OF  DIGESTION 


n.v.T'’®''®  “''1“  !?"'  sudi  as  postmortem  changes  which 

a e common  to  tlic  entire  gastro-intestinal  tract,  while  ofhers  ke 
u rn,  are  peculiar  to  certain  parts  of  it.  On  this  accountTmd  ii" 
( er  to  save  space  the  subjects  more  or  less  common  to  all  parts 
of  the  gastro-mtestinal  tract  are  presented  first.  ^ 

Postmortem  Changes.— From  the  nature  of  its  functions  tho 
gastro-mtestmal  tract  is  much  more  intimately  in  contact  with  vlri 
ous  chemical  substances  and  pathogenic  and  especially  putre- 

Ihfh  is'J!ir‘lT''®r''?'  l>ody.  During 

iil  om  t I ® f itself  from  the  action  of  most  of  these 

nthout  trouble,  but  as  soon  as  death  occurs  they  become  effective 

1.1, f”'*  »»l  a.  «ii.r  0.“'";,™^^ 

ing  oUtewali  f rtheir'  "'TT 

g 01  tne  v ail  of  the  stomach  (gastromalaci  a)  and  lie  followed  hv 
stomach.  ■ softening  and  rupture  may  take  jilacc  as  in  the 
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may  a])i)car  greatly  atroiihied.  The  thickness  of  the  muscle  coat 
is  some  guide  to  the  condition  of  dilatation  and  must  always  be 
taken  into  consitleration. 

Apparent  atrophy  may  also  l)e  due  to  a previous  necrosis  of  the 
surface  of  the  mucosa,  followed  by  only  partial  regeneration  of  the 
epithelial  glands. 

Amyloid  is  occasionally  found  in  the  walls  of  the  blood- 
vessels,^ both  in  the  submucosa  of  the  stomach  and  in  the  villi  in 
the  intestine. 

Plasma  cells  containing  hyaline  droplets  are  sometimes  quite 
numerous  in  the  mucous  membrane  of  the  stomach  and  less  often  in 
that  of  the  intestine;  their  significance  is  not  known. 


Fig.  .372. — Dilatation  of  esophageal  veins  secondary  to  cirrhosis  of  liver; 
hemorrhage;  death,  n Dilated  veins;  b,  rupturcMl  varix  with  clot  in  opening. 


Pigmentation  is  more  common  in  the  intestine  than  in  the 
stomach.  Endothelial  leukocytes  filled  with  hemosiderin  granules 
are  occasionally  found,  especially  in  the  appendix,  and  probably 
point  to  previous  hemorrhage,  often  perhaps  of  inflammatoiy  oiigin. 

Disturbances  of  Circulation.— Acute  congestion  accompanies 
many  of  the  acute  toxic,  and  infectious  lesions  and  is  often 
complicated  by  hemorrhage  and  occasionally  by  much  edema  and 
thickening  of  the  gastro-intestinal  wall.  Lesions  due  to  the  anthrax 

bacillus  usually  show  much  hemorrhage. 

Chronic  passive  congestion  is  a common  sequence  of  cardiac  in- 
siifficiency,  but  is  most  mark('d  when  cirrhosis  of  the  liver  causes 
obstruction  of  the  portal  circulation.  It  is  often  accompanied  by 
increased  secretion  of  mucus  from  the  lining  eifithelium.  A frequent 
result  of  obstruction  to  the  portal  circulation  is  marked  ddatation 
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of  the  veins  at  the  lower  end  of  the  esojihagus  and  in  the  cardiac 
end  of  the  stomach  so  that  varices  are  formed. 

Small  hemorrhages  inay  occur  as  the  result  of  the  congestion 
or  of  acute  inflammation,  but  multiple  minute  hemorrhages  are 
often  found  m the  stomach  without  any  good  reason  therefor  being 
evident.  Probably  in  some  instances  mechanical  conditions  such  as 
vomiting  or  toxic  or  infectious  lesions  in  the  walls  of  the  vessels  are 
the  underl^dng  factors. 

Large  anti  often  fatal  hemorrliages  arise  from  erosion  of  blootl- 
vessels,  especially  of  the  varices  formed  in  the  neighborhootl  of  the 
cardiac  orifice,  both  in  the  esophagus  and  stomach  in  obstruction 
of  the  portal  circulation  by  cirrhosis  of  the  liver,  and  of  arteries  in 
ulcers  of  the  stomach  and  duodenum,  and  of  cancers  of  the  stomach 

(Obstruction  of  mesenteric  arteries  by  thrombosis  of  arterio- 
sclerotic origin  or  more  frequently  by  emboli,  often  but  not  always 

causes  hemorrhagic  infarction  of  the  intestine  and  the  lesion  mav 
be  very  extensive. 

(Obstruction  of  the  lacteals  or  lymphatic  vessels  of  the  intestine 
occurs  occasionally  and  may  give  rise  to  small  cysts  filled  with  fluid 
in  the  submucosa.  More  rarely,  a number  of  vessels  in  a segment 
o the  intestine  or  even  m an  extensive  portion  of  it,  may  be 

formed  tumor-like  mass  is 

nf  ? Present  111  the  fluid  often  attracts  large  numbers 

o endothelial  leukocytes  which  become  filled  with  it  and  occasion- 

iiroil  mt  of  cholesterin  crystals,  or  other 

products  of  fat  metabolism. 

ESOPHAGUS 

‘''“’"‘  ‘'"'“‘■‘“''t  lefon  of  the  esophagus  is  the  carcinoma. 

V ance.s  and  ulcer  are  considered  elsewhere.  Cancer  originates  most 
often  at  the  ends  of  the  e.sophagus,  usually  the  lower.  It  may  grow 
lapiilly  m papillary  masses  or  with  more  or  less  ulceration,  or  slowly 
111  scirrhous  forin.  Histologically  the  growth  may  be  of  the  epider^ 
mold  or  of  the  glandular  type.  ' 


STOMACH 

to  tl'o  Stomach  and  believed  to  be 
mti  nately  concerned  with  the  production  of  the  hydrochloric  acid 
n the  gastric  secretion  are  the  parietal  cells.  They  are  fe  “ii 
the  glands  near  the  cardiac  orifice,  fairly  numerous  in  those  of 
ti  e pvloric  end,  and  aliuiidant  in  the  glands  lining  the  fundus! 
aciilm  l°T  * ‘.’’’’osolarly  angular  in  shape  and  show  marked 

Z " “•  cells  fining 

the  lands  differ  somewhat  m the  different  parts  of  the  stomach® 

aie  m general  cylindric  m shape  and  in  the  cardiac  end  of  the 
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stoinac’h  normally  proiluce  mucus,  but  the  mucus  has  somewhat 
different  chemical  properties  from  that  in  the  intestine.  The 
cells  at  the  base  of  the  glands  often  contain  zymogen  granules. 

Lesions  of  Toxic  Origin. — Various  injurious  agents  reach  the 
stomach  in  food  aiul  drink  or  are  swallowed  with  suicidal  intent. 
Their  action  and  consequently  the  effects  which  they  produce 
varies  greatly.  The  lesions  may  be  inconsiiicuous  or  very  striking. 
In  the  milder  conditions  there  may  be  redness,  swelling,  increase 
of  mucus  secretion  and  sometimes  slight  hemorrhages.  Strong 
injurious  agents  may  produce  intense  congestion  and  marked 
swelling  or  necrosis  of  the  surface  which  may  be  variously 
colored. 

The  commonest  poisons  are,  perhaps,  carbolic  acid  and  corro- 
sive sublimate.  Others  taken  occasionally  are  mineral  acids,  alka- 
lies, oxalic  acid,  phosphorus  and  arsenic.  The  gross  appearances 
produced  vary  greatly  and  are  often  very  striking. 

Microscopically,  the  usual  picture  is  more  or  less  inflammatory 
exudation  in  which  the  polymoriilionuclear  leukocyte  plays  a prom- 
inent part,  occasionally  fibrin  formation  on  the  surface,  and  often 
more  or  less  hemorrhage.  The  mucosa  may  be  necrotic  to  a varying 
depth.  \ery  often  death  occurs  so  quickly  that  there  has  been  no 
time  for  an  exudation  to  take  ]>lace. 

Lesions  of  Infectious  Origin. — Infectious  lesions  of  the  stomach 
which  can  be  definitely  recognized  as  such  are  not  common.  Most 
pathogenic  organisms  which  reach  the  gastro-intestinal  tract  on  the 
inside  jiass  through  the  esophagus  and  stomach  and  infect  some 
part  or  other  of  the  small  or  large  intestine. 

Very  rarely  diphtheria  bacilli  which  have  been  swallowed  infect 
the  gastric  mucous  membrane  and  cause  small  patches  of  necrosis, 
which  become  covered  with  fibrinous  membrane  formed  from 
the  inflammatory  exudation.  The  membrane  may  spread  out 
laterally  for  some  little  distance  over  the  adjoining  normal  mucosa. 

Of  more  importance  are  the  occasional  infections  which  take 
place  usually  through  some  lesion  already  present,  such  as  an  ulcer- 
ation, and  invade  the  submucosa,  spreading  extensively  in  it  and 
often  involving  the  muscle  coats.  They  may  cause  marked  thick- 
ening of  the  stomach  wall.  The  condition  is  called  jihlegmonous 
gastritis  and  is  usually  due  to  the  streptococcus  pyogenes. 

Acute  Gastritis. — While  it  is  possible  to  divide  some  of  the  acute 
lesions  of  the  stomach  into  two  groiqis,  the  toxic  and  the  infectious, 
others  do  not  admit  of  such  a division  because  we  do  not  yet  know 
enough  about  them.  They  are  due  to  one  cause  or  the  other  or 
possibly  often  to  both,  but  for  the  ]:>resent  we  are  obliged  to  leave 
them  unclassified,  except  on  an  anatomic  or  histologic  basis.  The 
mucosa  shows  more  or  less  extensive  infiltration  with  polymor- 
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phomidear  leukocytes  often  combined  with  necrosis  of  the  mucosa 
and  with  filirm  formation.  Therefore,  acute  inflammation  is  jires- 
ent,  but  the  actual  cause  is  not  evident. 

Ulceration.  Several  different  types  of  ulceration  occur  in  the 
stomach.  The  most  important  is  the  chronic  or  so-called  round 
ulcer;  the  others  require  study  and  consideration,  however,  because 
without  much  question  it  is  from  an  occasional  one  of  them  that 
the  chronic  form  arises. 

Repair  of  lesions  in  the  stomach  may  take  place  as  readily  as 
e seAvhere  in  the  body,  but  the  hydrochloric  acid  present  in  its 
secretion  is  always  capable  of  proving  a disturbing  factor,  and  may 


Fig.  373.  ^ into  ox,o„sive 

1.  Hemorrhagic  erosion  is  the  term  applied  to  an  ulceration 

h mosTI  “ The  lesion  is  commonly  multi, ile 

■ nost  frequent  m the  fundus,  and  is  usually  confined  to  the 

nucosa.  It  is  due  to  ulceration  following  hemorrhage  and  necrosis 
The  inflammatory  reaction  may  be  very  slight. 

posteriOT^wall  ‘ hnf ' l""  “ft™  fundus  and  on  the 

1 e lor  wall,  but  also  occasionally  m the  region  of  the  pylorus 

They  are  round  or  oyal  in  shape,  vary  from  a few  millinietos  te  a 
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cciitinietor  or  over  in  size  and  have  a smooth  l)ase  and  sharp  edge. 
They  are  superficial  but  extend  deejier  than  the  erosions,  often 
reaeliing  to  the  submucosa.  The  etlges  are  usually  infiltrated  with 
a few  leukocytes  and  the  adjoining  tissue  is  hyperemic.  The  origin 
of  these  ulcerations  is  tlisiiuted,  but  is  probably  not  always  the 
same.  It  seems  likely  that  they  may  follow  a variety  of  toxic  and 
other  forms  of  lesions. 

3.  Fissures  in  the  mucosa  were  found  in  one  case  examined 
liostmortem  by  L.  J.  Khea.  They  were  recognized  only  by  means 
of  a hand  lens.  The  patient  had  been  operated  on  for  persistent 
hemorrhage.  Nothing  was  found  at  the  operation  except  a few 
bleeding  points  which  were  cauterized.  Microsco])ically,  the  lesions 
consist  of  narrow  slits  which  extend  through  the  mucosa  and  then 
spread  out  some  distance  in  the  suljinucosa,  where  the  wall  shows 
an  infiltration  with  jiolymorphonuclear  leukocytes  and  a deposit 
of  fibrin  on  its  surface. 

4.  The  chronic  or  round  ulcer  is  usually  situated  on  the  poste- 
rior wall  of  the  stomach  lietween  the  pylorus  and  the  fundus  and,  as 
a rule,  near  the  lesser  curvature,  l)ut  it  may  occur  on  the  anterior 
wall  or  elsewhere.  It  is  generally  solitary  but  may  be  multiple.  In 
two  instances  there  were  five,  two  in  the  stomach  and  three  in  the 
duodenum  in  one  case,  and  four  in  the  stomach  and  one  in  the  duo- 
denum in  the  other. 

The  ulcer  is  usually  round,  but  may  he  more  or  less  oval  or 
irregular.  Its  edges  are  sharply  defined  and  often  slightly  indurated. 
The  base  of  the  ulcer  is  almost  always  clean.  The  sides  slope 
gradually  towards  the  deepest  iioint  which  may  be  in  the  center  or 
at  one  side  and  often  present,  at  least  in  part,  a step-like  arrange- 
ment corresponding  to  the  layers  of  the  stomach  wall  which  have 
I)cen  eroded.  As  a rule  the  wall  of  the  ulcer  shows  but  little  inflam- 
matory infiltration,  Imt  in  one  instance  it  was  thickly  infiltrated 
with  eosinophiles.  The  tissue  lining  the  ulcer  genei-ally  exhibits 
very  little  reaction  on  the  part  of  the  fibroblasts  and  vascular 
endothelium,  l)ut  in  other  instances  abundant  granulation  tissue 
containing  numerous  capillaries  and  vessels  is  present. 

The  two  chief  dangerous  results  to  be  feari'd  from  an  ulcer  are 
h('morrhag(;  owing  to  erosion  of  a l)lood-vessel,  and  perforation 
from  extimsion  of  the  lesion  through  the  wall  of  the  stomach. 

Repair  by  scar  formation  may  take  place,  but  in  turn  ]irove 
dangerous  by  causing  stenosis  if  the  ulcer  is  near  the  pylorus. 

Chronic  ulcers  similar  to  those  in  tlie  stomach  and  due  to  the 
same  causes  occur  in  the  duodenum  and  also  rarely  at  the  lower  end 
of  the  esophagus. 

Tumors. — ddie  most  common  and  imjiortant  tumor  of  the 
stomach  is  the  carcinoma.  It  may  grow  in  gland  form  or  in  solid 
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masses  and  either  tyjie  of  growtli  may  give  rise  to  colloid  formation, 
partly  as  a secretion,  partly  as  a retrograde  transformation  of  the 
tumor  cells.  The  carcinoma  may  grow  raiiidl}'  and  jiroject  in  iiaji- 
illary,  cauliflower-like  masses  into  the  lumen  of  the  stomach,  or 
it  may  undergo  more  or  less  extensive  ulceration.  Frequently  it 
grows  slowly  in  scirrhous  type  and  forms  a local  induration,  or 
spreads  gradually  until  the  entire  wall  of  the  stomach  is  involved 
and  contracted  to  a small  }iart  of  its  normal  dimensions. 

In  one  instance  the  stomach  by  infiltration  with  a colloid  car- 
cinoma was  transformed  into  a large  sac  with  transiiarent  walls 
three  to  four  centimeters  thick. 

d he  next  most  common  tumor  of  the  stomach  is  the  lciom3'^oma 
which,  under  rare  conditions,  grows  rapidly  and  gives  rise  to  met- 
astases. 

INTESTINE 

Toxic  Lesions.  \ arious  toxic  substances  unquestionably  reach 
the  intestinal  tract  and  act  injurioushq  but  to  distinguish  the  le- 
sions caused  by  them  with  certainty  from  some  types  of  infectious 
lesions  is  difficult  or  impossible,  unless  the  clinical  history  or  a 
liacteriologic  examination  throws  light  on  the  subject.  Most  of 
them  have  to  be  grouped,  for  the  present  at  least,  on  an  anatomic 
basis  as  acute  enteritis  and  colitis  of  unknown  toxic  or  infectious 
origin. 

Corrosive  sublimate  is  one  definite  toxic  substance  which  some- 
times causes  an  intense  colitis  and  occasionally  enteritis,  appar- 
ently owing  to  the  fact  that  it  is  passed  along  quickly  through  the 
gasti  o-intestinal  tract  until  it  reaches  its  lower  end,  where  it  causes 
necrosis  of  all  the  projecting  portions  of  the  mucous  membrane  and 
acute  inflammatory  exudation.  In  the  small  intestine  the  edges 
of  the  valvulae  comiiventes  in  the  lower  part  of  the  ileum  may  be 
affected  in  the  same  way. 

Certain  toxins  in  the  circulation,  especially  in'dijihtheria,  may 
cause  proliferation  of  the  endothelial  cells  in  the  lymjih-nodules  of 
the  intestinal  tract,  just  as  in  the  siileen  and  elsewhere.  The 
endothelial  cells  are  often  filled  ivith  the  debris  of  ingested  lyinjiho- 
e.rtes.  In  consequence  of  these  changes  the  lymph-noflules  often 
apjiear  swollen  and  prominent. 

Lesions  of  Infectious  Origin. — A gi’eat  variety  of  infectious 
lesion.s  occur  in  the  intestine.  Some  are  very  characteristic  of  the 
infectious  agents  which  produce  them;  others  have  to  be  classed 
anatomically  as  acute  enteritis  or  colitis,  excejrt,  in  those  instances 
Avhere  the  micro-organism  can  be  definitely  determined  by  bacteri- 
ologic  methods.  This  is  the  case,  for  exam]ile,  with  the  dysentery 
group  of  organisms,  d he  clinical  history  and  the  bacteriologic 
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results  are  much  more  important  and  characteristic  than  tlie  path- 
ologic ajipearances. 

Most  of  the  infectious  lesions  of  the  intestine  have  already  been 
considered  under  the  different  infectious  agents.  They  will,  there- 
fore, be  mentioned  but  brieffy  here. 

The  inflammatory  exudation  in  the  intestine  is  commonly  com- 
plicated by  an  excessive  protluction  of  mucus  by  the  epithelial  cells 
when  they  have  not  been  destroyed.  On  this  account  the  term 
catarrhal  enteritis  is  in  common  use.  The  point  to  bear  in  mind 
is  that  the  actual  inflammatory  exudation  is  just  the  same  as  in 
any  other  organ,  under  like  conditions. 

The  gross  apiiearance  presented  by  the  intestine,  but  especially 
by  the  colon  in  acute  dysentery,  varies  from  a normal  looking 
mucosa  to  one  which  is  deeply  injected  and  edematous  with  occa- 
sional small  hemorrhages.  If  the  jirocess  has  existed  long  enough 
the  surface  of  the  mucosa,  at  least  in  the  projecting  parts,  shows 
more  or  less  necrosis:  dee])  necrosis  anti  ulceration  do  not  occur, 
only  superficial  erosions. 

In  another  type  of  infectious  enteritis  and  colitis  the  necrosis 
of  the  mucous  memlirane  along  the  edges  of  the  valvulsc  conniven- 
tes  in  the  small  intestine  and  on  the  surface  of  the  folds  in  the 
colon  is  more  extensive,  and  is  covered  with  a filn’inous  laver  which 
also  extends  into  the  mucosa  and  binds  the  cells  together.  Later 
this  diphtheritic  membrane  sloughs,  often  leaving  more  or  less 
extensive  ulcerations. 

The  etiology  of  diphtheritic  enteritis  and  colitis  of  infectious 
origin  has  not  been  fully  worked  out.  Probably  some  of  the  ordi- 
nary infectious  organisms  such  as  the  strejitococcus  pyogenes  are 
the  usual  causal  agents. 

Asidi!  from  the  bacillary  forms  of  dysentery,  the  most  character- 
istic infectious  lesions  of  the  intestinal  tract  arc  due  to  the  typhoid 
and  tuliercle  bacilli,  the  ameba  histolytica,  and  in  rare  instances 
the  balantidium  coli.  Infections  due  to  the  tre])onema  pallidum 
and  the  actinomyces  sometimes  occur.  For  a descri])tion  of  the 
lesions  produced  the  section  on  infectious  agents  shoiiKl  be  con- 
sulted. 

Appendicitis. — Appendiiutis  is  an  acute  infectious  ])rocess  more 
ini])ortant  from  the  anatomic  than  from  the  etiologic  point  of 
view.  The  common  acute  type  of  lesion  is  due  to  a Gram-j^ositive 
coccus,  probably  the  streptococcus  pyogenes.  It  starts  as  a small 
area  of  infection  in  the  mucosa.  There  is  necrosis  and  loss  of 
(‘pithelium  and  an  infiltration  with  polymorphonuclear  leukocytes, 
together  with  fibrin  formation.  The  process  spreads  rapidly,  es]ie- 
cially  in  the  submucosa  and  in  the  muscular  coats  and  may  extend 
to  the  ixaitoneal  covering.  Other  areas  in  the  mucosa  become  in- 
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voIvthI,  hut  tlie  iiiterveiiiiig  portions  may  ajijx'ar  normal  or  nearly 
so,  although  the  lumen  may  be  full  of  jius.  A layer  of  fibrin  is  often 
formed  on  the  peritoneal  surface  of  the  aiiiiendix. 

1 he  lesion  may  heal  at  this  stage  or  continue.  If  it  jiersists 
miliary  abscesses  are  lormed  in  the  a]i])endix  wall  and  may  per- 
forate within  the  lumen  or  without  and  give  rise  to  localized  or 
general  ])eritonitis. 

The  distal  end  of  the  appendix  may  be  swollen,  distended  and 
occasionally  gangrenous.  The  meso-aiiiiendix  nia}"  show  consider- 
able involvement. 

Repair  under  natural  conditions  dejiends  on  the  severity  of  the 
lesion.  The  appendix  may  be  restored  })ractically  to  the  normal 
condition  or  be  reduced  to  a fibrous  cord.  All  intervening  degrees 
occur.  Partial  or  complete  stenosis  of  the  lumen  by  scar  formation 
may  lead  to  physiologic  di.sturbances  and  clinical  symptoms.  Dur- 
ing re]-)air  the  appendix  is  often  infiltrated  with  numerous  eosin- 
ophiles  and  the  lymph-vessels  filled  with  l.vmiihoc}des.  The  appear- 
ance presented  by  apjiendices  in  the  various  stages  of  rejiair  is 
often  s])oken  of  as  chronic  appendicitis,  hut  the  term  is  not  justified. 

Fin  worms  filling  the  appendix  may  cause  a mild  type  of  chronic 
appendicitis  but  the  condition  is  rare.  So  also  is  tuberculous  in- 
flammation, but  the  possibility  of  this  condition  must  be  borne  in 
mind. 

Tumors. — The  epithelial  tumors  are  the  most  imiiortant  new- 
growths  originating  in  the  intestinal  tract. 

One  group  of  them  is  difficult  to  classify.  It  is  comjiosed  of 
epithelial,  gland-like  structures  which  occur  both  in  the  small  and 
huge  in.Lestine  and  may  lie  multiple.  They  usually  lie  in  the  mucosa, 
but  may  be  elevated  on  a stalk.  The  glands  usually  differ  froin 
those  of  the  normal  mucosa  and  may  dip  into  the  suinnucosa  and 
into  lymph-nodules,  or  even  reach  to  the  serosa.  They  are  usually 
classed^  as  polyj:)s  and  regarded  as  benign  structures,  jirobably  of 
congenital  origin;  but  carcinomas  unquestionably  sometimes  arise 
from  them.  Apparently  relati'd  to  these  structures  are  other 
epithelial  growths  occurring  in  the  small  intestine  and  more  often 
in  the  aiipendix.  They  have  all  the  appearance  of  a carcinoma, 
both  in  structure  and  in  the  way  they  are  disiiosed  in  the  muscle 
and  other  coats.  Those  in  the  ap]iendix  frequently  occur  in  young 
people  and  children  and  are  found  at  oiierations  for  appendicitis. 
The  tumors  show  no  evidence  of  active  growth  and  do  not  give  ri.se 
to  meta.stases,  although  malignant  tumors  may  ari.se  from  them. 
They  are  probably  best  regarded  as  congenital  anomalies  analo- 
gous to  the  vascular  and  pigmented  nevi  of  the  skin. 

I rimary  cancer  of  the  inte.stine  occurs  most  commonly  in  the 
rectum,  in  the  ileocaecal  region  and  in  tlie  iiapilla  of  the  common 
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])ile  duct.  The  tumors  closely  reseiiihle  those  in  the  stomach;  the 
adenomatous  type  is  the  most  common  and  colloid  formation  of 
frequent  occurrence.  Cancer  often  encircles  the  intestine  and 
causes  stenosis. 

Of  the  other  types  of  tumor  the  lymphoblastoma  stands  next 
to  the  carcinoma  in  frequency  of  occurrence  and  in  importance. 

PERITONEAL  CAVITY 

Infectious  lesions  of  the  peritoneal  cavity  are  mu(‘h  like  those 
in  the  pleural  and  pericardial  cavities  and  the  reaction  may  be 
serous,  fibrinous,  purulent  or  hemorrhagic  in  ty])e.  The  exudation 
mav  be  slight  or  abundant  in  amount  and  the  coils  of  intestine 
glued  together  by  fibrin  or  floating  free  in  serum.  The  usual 
infecting  agents  are  the  ordinary  pus  cocci  and  the  tubercle 
l)acillus,  and  in  addition,  the  colon  ])acillus  and  occasionally 
the  gonococcus.  Acute  peritonitis  is  most  often  secondary  to 
appendicitis,  but  it  may  follow  lesions  of  the  intestine,  stomach, 
uterus,  oviducts  and  other  organs. 

Organization  of  the  fibrinous  exudation  usually  results  in 
multiple  adhesions  which  may  more  or  less  completely  obliterate 
the  ])eritoneal  cavity.  Sometimes,  as  in  the  pericardial  and  pleural 
cavities,  mesothelial  cells  left  behind  may  line  any  cavities  present 
in  the  adhesions  and  form  gland-like  cavities,  or  even  cysts  of  all 
sizes  so  that  a cystic  tumor-formation  is  strongly  suggested. 

Tuberculosis  of  the  peritoneal  cavity  is  a common  lesion.  It 
may  appear  in  the  form  of  miliary  tul)ercles  or  of  a serofibrinous 
exudation,  or  of  a varying  combination  of  the  two.  The  fibrin 
leads  to  organization  just  as  in  the  pleural  cavity. 

Primary  tumors  of  the  peritoneal  cavity  are  rare.  The  most 
important  is  a form  of  carcinoma  arising  from  the  mesothelial 
lining. 

The  secondary  tumors  are  common  and  mostly  carcinomatous 
in  character  following  primary  tumors  in  the  stomach,  intestine, 
gall-bladder,  ovaries,  etc. 

LIVER 

Introduction. — The  liv(w  is  a large,  important  organ  composed 
chiefly  of  parenchymatous  cells  which  are  easily  injured.  lor- 
tunately,  as  a rule,  tiny  easily  regenerate.  The  cells  are  liable  to 
various  retrograde  changes.  Lesions  of  mechanical  origin  are 
comparatively  infrequent.  On  the  other  liand,  toxic  lesions  are 
common.  Lesions  of  infectious  origin,  outside  of  tuberculosis  and 
syphilis,  occur  only  occasionally.  All  three  classes  of  lesions  may 
terminate  in  sclerosis  of  the  liver  and,  by  contraction  of  the  con- 
nective tissue  around  the  bile  ducts  and  blood-vessels,  cause  jaun- 
dice and  ascites. 
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Metastatic  tumors  play  a much  more  important  role  than  pri- 
mary new-growths.  ^ 

Anatomy.— 14ie  structure  of  tlie  lobule  adopted  in  this  book  is 
the  one  generally  used,  which  jdaces  tlie  portal  vessels  at  the  per- 
iph^>  and  the  branches  of  the  hepatic  vein  in  the  center. 

Changes.— A common  microscoihc  postmortem 
ange  is  the  separation  of  the  liver  cells  from  each  other  Wher- 
ever  the  hemoglobin  is  fixed  in  the  red  blood-corpuscles,  the  liver 
cells  will  usually  be  found  well  ]:>reserved. 

liveJ*^cX‘’trtl  ‘‘Y®''  postmortem,  the  nuclei  of  the 

o ha™  lost  t e n ne.ghl,orl,oo<l  will  usually  be  foumi 

to  ha\e  lost  then  stammg  proinerties.  Gas  bubbles  point  to  the 


Fig.  .374.— Brown  atrophy  of  livor  cpll.s. 


Hannnatocy  reaction 

sis,  especially  whe^l'.ad 
of  pigme'ntT 
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Albuminous  Granules.  -The  albuminous  granules  often  seem 
to  be  increased  in  number  in  the  liver  cells.  Whether  this  appear- 
ance is  of  postmortem  origin  or  due  to  changes  of  metabolism  as 
the  result  of  infection  and  high  temperature  is  difficult  to  determine. 
Similar  changes  may  occur  focally  at  the  edge  of  advancing  lesions 
such  as  abscesses,  or  in  the  cells  undergoing  necrosis  in  central  and 
focal  necroses. 

Occasionally  from  some  unknown  cause,  the  granules  may  be 
partially  or  entirely  absent  from  the  cytoplasm.  When  large 
patches  of  cells  are  thus  affected  the  liver  appears  studdeil  with 
light  areas  of  various  sizes.  One  such  case  followed  severe  injury 


Fig.  .37.5. — Liver.  Loss  of  granules  in  liver  cells;  cause  unknown. 

resulting  in  death  and  may  have  been  due  to  some  form  of  coag- 
ulation, although  the  nuclei  of  the  cells  seemed  fairly  normal. 

Hydrops. — Fluid  may  collect  in  liver  cells  and  form  vacuoles. 
This  condition  is  of  common  occurrence  in  the  early  stages  of 
central  necrosis.  The  vacuoles  in  sections  appear  as  if  due  to  fat, 
but  each  contains  a hyaline  ball  which  stains  like  fibrin.  At  a 
later  stage,  threads  and  networks  of  fibrin  may  apiieai. 

Fat. Fat  in  liver  cells  is  of  common  occurrence.  It  ordinarily 

appears  in  two  distinct  forms,  as  large  drojis  and  as  small  droplets; 
however,  drops  of  intermediate  sizes  often  occur. 
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The  hu-ge  drojis  of  fat  are  assoeiated  with  no  iinpairment  of  the 
functional  activity  of  the  cells.  The  fat  is  simply  in  excess  of  the 
normal  daily  needs  and  is  stored  ui)  in  the  cytoplasm  of  the  cells 
where  it  usually  collects  in  larg-e  drops.  This  form  of  fat  deposit  is 
commoidy  termed  fatty  infiltration.  It  accompanies  high  living 
esp(‘cially  mdulgi'iice  in  alcohol;  hut  also  occurs  in  tuberculosis  of 
the  lung  owing  to  diminished  oxidation.  The  large  fat  drops  are 
usually  grouped  youn.l  the  portal  vessels,  but  may  be  lieaterl 
mtead  around  the  hepatic  vein  or  in  the  midzonal  region. 

llToTe  bbull  ^ throughout  the 

livefeell‘''i*i‘“  's  assoeiated  with  im), aired  function  of 

vei  tells,  lienee  it  is  found  m many  to.xic  and  infectious  processes 

Ihfal'necrre  in  central  and 

otal  necroses  The  fat  is  not  due  to  the  transformation  of  albinii- 

ous  material  into  fat  as  formerly  taught,  but  is  fat  brought  to  the 

c l as  under  norina  conditions  and  not  used  up  owing  to  faul  y 
neUbolLsm.  Hence  the  term,  fatty  degeneration,  generally  applied 
o the  process  IS  incorrect  because  it  implies  a UTong  lehtiin  I'e 
tween  the  cel  s and  the  fat.  On  the  other  hand,  tlfe  presence  of 
midl  fat-droplets  in  cells  where  fat  is  not  onlinariH  lol  it  is 

orthr;ii  ■:  iSr'^ 

As'  it  J!  hver  cells  anti  sometimes  in  the  nuclei 

malm  sPf'C'ial  methods  of  fixation  and  staining  it  does  not 

as  tVgive  th7c!dinla  sections  except  when  so  abundant 

TO  gi^e  the  cytoplasm  a vacuolated  appearance. 

Hyalin  occurs  in  licer  cells  in  alcoholic  cirrhosis  and  forms 
n cential  and  focal  necroses  of  the  liver  the  cells  after  nopmccio 

“'■'^0  “'n  ‘'■'"“"''’■f'"  'vit^aci: n ivr 

■XiTalmriu"  'T“'T'  -<>  aroui  < erLl 

--atlon  as  in 

fhein ''Tins'"?  O'-  «>■  lame  groups  of 
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holic  cirrhosis.  After  coin])lete  necrosis  the  cells  are  usually  homo- 
geneous and  stain  deejily  with  acitl  dyes.  They  are  removed  by 
the  digestive  action  of  the  jiolyniorphonuclear  and  endothelial 
leukocytes. 

Amyloid. — Amyloid  is  rare  in  the  liver  unless  the  kidneys  and 
s])leen  are  also  involved.  When  much  of  this  substance  is  present 
the  organ  is  enlarged  and  firm  with  rounded  edges.  Smaller 
amounts  may  readily  be  overlooked.  Focal  deposits  of  amyloid 
in  the  liver  are  very  uncommon  but  do  sometimes  occur. 

The  amyloid  appears  first  in  the  walls  of  the  arteries.  Later, 
it  is  more  or  less  uniformly  distributed  throughout  the  organ  around 
the  connective-tissue  cells  and  fibrils,  between  the  liver  cells  and 


Fig.  .370. — Amyloid  formation  in  liver.  Marked  atrophy  of  liver  cells  from 

pressure.  M. 

the  endothelium  lining  the  sinusoids.  The  liver  cells  become  more 
and  more  compressed  and  finally  disa])pear.  1 he  lumina  of  the 

sinusoids  are  also  gradually  encroached  upon. 

Ly  means  of  the  anilin  blue  stain  the  collagen  fibrils  at  hist 
may  be  demonstrated  in  the  midst  of  the  amyloid,  but  later  they 
disappear.  On  the  side  towards  the  liver  cells  the  amyloid  often 

presents  a feathery  appearance. 

Pigments. — Various  kinds  of  pigments  occur  in  the  liver.  Here 

they  need  be  mentioned  only  briefly. 

'l . The  brownish  yidlow,  finely  granular  pigment  which  occurs 
normally  in  the  liver  cells,  especially  in  the  center  of  the  lobule, 
gives  no  iron  reaction,  and  may  be  increased  in  amount  with  age. 
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2.  Rile  from  obstriK'tioii  of  bile  ducts.  In  gciicrtil  bile 

stasis,  it  is  located  around  the  hepatic  vein  in  the  center  of  the 
lobule,  chiefly  in  the  dilated  bile  cajiillaries  near  the  hejiatic  veins, 
but  also  in  endothelial  leukocytes  between  the  liver  columns  and' 
the  walls  of  the  sinusoids.  Less  often  it  is  found  as  granules  and 
small  elongated  ma.sses  in  the  cytoplasm  of  liver  cells.  ^\  hen  the 
bile  stasis  is  focal,  as  in  the  different  forms  of  cirrhosis,  the  insjiis- 
sated  bile  may  be  in  any  part  of  the  lobule  or  even  in  the  Idle  ducts. 

3.  Blood  pigment,  hemositlerin,  may  lie  derived  from  extensive 
hemorrhage  anywhere  in  the  body,  Init  is  most  abundant  in  per- 
nicious anemia  anti  especially  in  the  condition  known  as  hemo- 
chromatosis. It  occurs  as  yellowish  and  lirownish  granules  in  the 
liver  cells  and  liile  duct  epithelium,  and  as  brownish  masses  in  the 
entlothelial  cells  lining  the  sinusoids  and  in  endothelial  leukocytes 
which  migrate  into  lymph-spaces  and  vessels,  especially  in  the 
perijiortal  connective  tissue. 

4.  Melanin,  formed  by  the  malarial  parasites  within  red  lilood- 
coriiuscles,  occurs  as  lilack  granules  in  the  endothelial  cells  lining 
the  sinusoids  and  occasionally  in  endothelial  leukocytes  free  in  the 
sinusoids,  and  also  collected  in  small  numbers  in  the  periiiortal 
connective  tissue. 

5.  Carbon  is  occasionally  carried  to  the  liver  by  endothelial 
leukocytes  which  migrate  with  it,  usually  to  the  connective  tissue 
around  the  jiortal  vessels. 

Argyria.  A ery  rarely  as  the  result  of  treatment  with  silver 
salts,  preciintated  silver  is  found  in  the  liver,  almost  exclusively 
111  the  walls  of  the  branches  of  the  portal  vein. 

Regeneration.—Regeneration  of  liver  cells  is  of  common  occur- 
rence. A half  or  more  of  all  the  liver  cells  may  be  killed  and  they 
may  all  lie  regenerated  in  two  weeks  time  (central  necrosis,  acute 
y ellow  atroph>G)  In  alcoholic  cirrhosis  mitotic  figures  occur  along- 
side of  other  luTr  cells  undergoing  hyaline  degeneration  and  nec- 
losis.  le  hnding  of  numerous  mitotic  figures,  as  sometimes  oc- 
curs, m an  otherwise  normal  looking  liver  suggests  that  there  has 
oeen  a previous  fairly  extensive  necrosis  of  liver  cells. 

Circulatory  Disturbances 

Congestion  —Acute  congestion  of  the  liver  leads  to  dilatation 
o the  sinusoids  around  the  hepatic  veins,  so  that  the  centers  of 
the  obules  appear  hyperemic  and  conspicuous  and  the  liver  as  a 
AMole  may  be  enlarged.  As  a result  of  the  distended  sinusoids 
e intervening  liver  cells  are  narrowed  and  elongated.  If  the 
iver  cells  around  the  hejiatic  veins  are  infiltrated  with  fat  the 
congestion  is  confined  to  the  midzonal  region  becau.se  the  cells 
‘ontaming  fat  are  not  easily  comjiressible. 
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Chronic  Passive  Congestion.— Owinj;’  to  cardiac  and  other 
lesions  which  interfere  with  the  noriiial  circulation  congestion  of 
the  liver  is  a condition  which  often  i)crsists  for  months  and  years. 
It  is  usually  taught  that  under  these  circumstances  the  liver  cells 
around  the  hejiatic  veins  disappear  as  a result  of  i)ressnre  and 
malnutrition,  although  in  the  adrenal  and  other  organs  l)ack 
pressure  does  not  cause  important  functioning  cells  to  atrophy. 
In  a certain  proportion  of  livers,  however,  the  liver  cells  do  not 
disappear;  they  may  be  stretched  and  thinned,  but  remain  other- 
wise perfectly  iireserved,  even  after  years  of  cardiac  insufficiency. 
The  reason  is  that  the  liver  cells  tlisappear,  not  as  tlie  result  of 
pressure,  but  of  a complicating  lesion,  namely,  toxic  necrosis,  a 
relatively  common  lesion  of  the  liver  as  wall  be  showai  later.  This 
form  of  necrosis  affects  the  cells  around  the  hepatic  veins.  Under 
ordinary  conditions  the  liver  cells  are  usually  quickly  regenerated, 
but  in  chronic  passive  congestion  regeneration  does  not  take  place. 
This  is  due,  perhaps,  to  the  fact  that  the  necrosis  under  these 
conditions  is  always  of  the  hemorrhagic  type. 

In  many  livers  the  necrosis  has  occurred  only  a short  time  before 
death.  It  is  then  easy  to  demonstrate  the  necrotic  cells  in  the 
midst  of  the  hemorrhage  which  so  distends  the  trabecular  si)aces 
(that  is,  the  spaces  normally  filled  by  the  columns  or  trabecuhe  of 
liver  cells)  that  the  sinusoids  are  coni])ressed.  If  the  liver  cells, 
as  often  hapiiens,  have  comi)letely  disaiipeared,  then  the  trabecu- 
lar spaces  filled  wdth  blood  are  usually  mistaken  for  dilated  sinu- 
soids, while  the  latter  being  compressed  are  entirely  overlooked. 

Gradually  the  blood  in  the  trabecular  spaces  is  removed  by 
the  action  of  endothelial  leukocytes  which  become  filled  with 
pigment  and  remain  behind  for  a long  time:  the  sinusoids  again 
dilate,  the  conm'ctivc  tissue  contracts,  and  the  liver  shrinks.  The 
result  is  a small,  dense,  indurated  liver  showdng  microscopically 
in  each  lobule  a slight  central  sclerosis. 

If  tlie  cells  around  the  hej)atic  veins  are  infiltrated  with  fat 
the  disai)])earance  of  liver  cells  may  be  confined  to  the  midzonal 
region.  Occasionally  a liver  will  show  disa])pearance  of  the 
liver  cells  in  the  centers  of  tlie  lobules  with  a recent  necrosis  in 
the  midzonal  region. 

Hemorrhage. — Twm  types  of  hemorrhage  are  found  in  the 
liver;  in  one  the  blood  escapes  passively  and  uniformly,  in  the 
other  it  is  forced  out  under  pressure. 

Necrosis  of  liver  cells  in  cases  of  chronic  passive  congestion  is 
always  complicated  with  hemorrhage  which  is  usually  limited  to 
the  areas  affected,  cither  the  center  of  the  lobule  or  the  midzonal 
region.  Very  rarely  it  may  be  more  extensive  and  involve  entire 
lobules  so  that  large  hemorrhagic  areas  are  formed. 
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111  eclaiii])sia,  to  he  sjioken  of  again,  th(>  hemorrhages  vary 
greatly  in  twtent,  hut  tliey  always  start  in  the  region  of  the  portal 
vessels  and  the  hlood  is  driven  under  jiressure  into  the  liver  cells 
otten  disrupting  them.  ' ’ 

Infarction.— Infarctions  in  the  liver  from  ohstruction  of  hranches 
01  tne  nejiatic  artery  are  very  rare. 

Edema.— In  edema  the  fluid  collects  hetween  the  liver  columns 
and  the  walls  of  the  sinusoids,  causing  more  or  less  compression  of 
the  latter.  In  fixed  tissue  the  only  evidence  of  the  edema  is 
nely  granular  material,  the  coagulated  alhumin,  left  hehind. 

Etlenia  may  cause  consiilerahle  enlargement  of  the  liver  19  lO 
gi-ams  in  one  case.  , 


Mechanical  Lesions 

the  outflow  of  the  hile  from  the  liver  or 
any  part  of  it  is  prevented  the  hile  ducts  and  caiDillaries  hack  of 
the  obstruction  become  distended,  often  to  a marked  degree.  If 
t le  ohstruction  affects  the  common  hile  duct  a uniformly 
distributed  general  hile  stasis  occurs.  If  small  hile  ducts  here 
and  there  are  blocked  then  a focal  bile  stasis  results.  General 
bile  stasis  is  usually  caused  by  a calculus  in  the  common  hile  duct 
or  y a cancer  involving  it.  Focal  hile  stasis  is  common  in  dif- 
ferent forms  of  sclerosis  of  the  liver,  where  it  is  due  to  con- 
striction of  bile  ducts  by  contracted  connective  tissue;  and  in 
infectious  processes  extending  along  the  hile  ducts,  where  the 
theThff'^^''''^  exudate  present  more  or  less  prevents  the  escape  of 

hardened  in 

rim  I ! ^ ^ escapes  from  the  dilated  hile  ducts  and  also 

from  the  hi  e capillaries  near  the  portal  vessels  as  soon  as  the  organ 
IS  sectioned,  and  these  vessels  contract.  As  a consequence  In 
microscopic  examination  after  fixation  the  hile  is  found  as  a 
rule  only  m the  bile  capillaries  around  the  hepatic  veins.  In 

'nli'ed  occasionally  foun.l 

On  microscopic  examination  of  tl>c  liver,  in  which  general  bile 
SIS  las  existed,  the  bile  is  found  in  masses  distending  the  bile 

mesimoilv  ivhere  secreted  within  the  cytoplasm  of  the  liver  cells 
>emg  unable  to  flow  out  into  the  bile  capillaries.  It  collects  in 
and  nmcl,  H-i-egular,  usually  elongateil  masses, 

fecte  n H loads  to  necrosis  of  the  af- 

of  thp  1 ^ mitotic  figures  show  that  regeneration 

favor-  cells  may  take  place.  ^Microscopic  evidence  certainly 
favors  the  view  that  it  is  chiefly  the  liver  cells  around  the  hepatic 
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veins  in  the  inner  half  or  less  of  the  lobule,  which  are  concerned 
with  the  secretion  of  bile.  The  cells  around  the  portal  vessels 
never  show  the  same  chanji;es. 

If  the  obstruction  is  complete  and  persistent,  the  inspissated 
bile  frequently  breaks  through  the  wall  of  the  liver  cells  surround- 
ing it  and  escapes  into  the  lymph-space  lying  between  the  rows  of 
liver  cells  and  the  walls  of  the  sinusoids.  Here  the  masses  of  bile 
are  taken  up  by  endothelial  leukocytes,  which  migrate  into  the 
space,  and  are  gradually  dissolved.  Frequently  in  small  areas 
the  endothelial  leukocytes  outnumber  the  liver  cells. 


Fig.  377. — Liver.  Bile  stasis.  Insi)issatod  i)ilo  in  dilated  eapillaries;  also 

within  endothelial  leukocytes. 

The  presence  of  occasional  pigmented  endothelial  leukocytes 
in  the  lymph-channels  around  the  portal  vessels  indicate  that  a 
little,  at  least,  of  the  dissolved  bile  enters  the  circulation  in  tliat 
way.  On  the  other  hand,  the  endothelial  cells  lining  the  sinusoids 
are  usually  pigmented  only  in  the  neighborhood  of  the  hepatic 
vein,  where  the  inspissated  bile  escapes  from  the  bile  capillaries 
and  is  dissolved  by  the  action  of  endothelial  leukocytes,  dhis 
relation  of  escaping  bile  and  pigmented  endothelial  cells  suggests 
that  a part  at  least,  perhaps  most,  of  the  bile  enters  the  circulation 
directly  by  o.smosis  through  the  endothelial  cells  lining  the  sinu- 
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soicls.  Ihis  viow  is  lavorcd  by  recent  exjieriineiital  work  on 
dogs  which  shows  that  the  bile  do(‘S  not  enter  the  circulation 
through  the  thoracic  duct. 

Some  of  the  masses  of  bile  in  the  bile  ca]iillaries  and  in  the 
cytojilasm  of  the  liver  cells  may  be  set  free  by  necrosis  of  the  cells 
but  ajiiiarently  no  extensive  necrosis  of  li^'er  cells  is  caused  simply 

by  the  bile  being  dammed  back,  and  no  sclerosis  around  the 
hepatic  veins  results. 

On  the  other  hand,  no  lesion  of  any  sort  is  formed  in  the  region 
ot  the  ]iortal  vessels  from  simple  uncomplicated  bile  stasis.  If 
infection  of  the  bile  ducts  occurs,  however,  a verv  different  ap- 
pearance IS  caused,  as  will  be  described  later. 

In  focal  bile  stasis  the  cell  changes  due  to  the  distention  of  the 
Inle  capillaries  are  similar  to  those  already  described,  but  mav 
occur  m any  part  of  a lobule  or  throughout  it  in  the  areas  affected 

As  a result  of  general  stasis  of  bile  aroimd  the  hepatic  veins' 
t le  centers  of  the  lobules  appear  ^TlloAvish  green  to  dark  green  on 

section,  m more  or  less  well  marked  contrast  to  the  lighter  stained 
jK'npheries.  ^ 

In  focal  bile  stasis  the  affected  areas  stand  out  distinctly  of  a 
dai  k green  color.  “ 

Hemochromatosis.-In  the  pathologic  comlition  known  as 
heinochromatosis  the  liver  cells  often  contain  much  pigment  in 
the  foi  m of  granules  which  give  the  reaction  for  hemosiderin  The 
cause  of  the  pipnentation  is  not  knoim.  In  addition,  numerous 
endotheha  leukocytes  filled  with  blood  pigment  collect  often  in 
aige  numbers  in  the  lymphatic  spaces  and  vessels  of  the  liver 
iiefly  around  the  portal  vessels,  but  also  to  some  extent  around 
the  hepatic  vein,  and  irregularly  throughout  the  lobule  between 
he  1 ver  cells  and  the  walls  of  the  sinusoids,  \\  hen  this  process 
s e.\tensive  it  leads  to  the  iwoduction  ot  a large,  smooth  liver 
Inch  weighci , in  one  instance  from  a woman,  2500  grams  In 

emlntl.  r'l  changed  and  dissolved  by  the 

endotheha  leukocytes  which  then  disapjicar  leaving  dense  fibrous 

C filZ  T "T.  “f  I'lltment.  By^contraefion  .rf 

1 . issue  later,  a certain  amount  of  injiirr'  is  probably 
eansed  to  the  liver  cells.  The  en,l  result  is  marked  sclero  s oGhe 
liver  charactenzcd  by  more  or  less  pigmentation.  The  mit  e 

°nt in  nted  ' f T*  >aay  be  mechanical  as  here 

intimated  or  it  may  lie  toxic.  » 

transported  to  tlie  liver 
he  vn  leukocytes.  It  is  carried  by  them  into 

in  th'p  ^^^^^1  vessels,  especially  aroimd  the  portal  vessels 

result  hTh  ^ pigment  is,  in  hemochromatosis.  The 

result  F^the  same,  a sclerosis  of  the  liver,  due  apparently  to 
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niochanieal  causes.  Very  rarely  this  deposit  of  carbon  with 
resultiiifj;  sclerosis  is  sufficient  to  deserve  the  designation  of  cir- 
rhosis. 


Toxic  Lesions 

Introduction. — Lesions  of  toxic  origin  proliably  play  a more 
important  part  in  the  imthology  of  the  liyer  than  in  that  of  any 
other  organ.  The  toxins  are  of  various  origins,  but  chiefly  derived 
from  bacteria,  although  some  other  substances  such  as  alcohol 
seem  to  l^lay  an  important  role.  They  lead  to  a variety  of  retro- 
grade changes  in  tlie  liver  cells  of  which  the  most  marked  and 
characteristic  is  necrosis.  As  a result  necrosis  of  liver  cells  is  an 
important  lesion  and  may  give  rise  to  striking  gross  and  micro- 
scopic pictures. 

Necrosis  may  affect  single  cells,  clumps  of  cells,  or  definite 
small  and  large  areas  of  them.  Hemorrhage  frequently  compli- 
cates the  necrosis  and  masks  the  essential  lesion. 

Some  necroses  are  recognized  and  named  as  such  (central, 
midzonal,  focal  necroses) : others  occur  in  processes  which  are  best 
known  under  clinical  names  and  often  pass  uimoticed  because 
secondary  features  are  more  prominent  (acute  yellow  atrojiliy, 
alcoholic  cirrhosis).  Strangely  enough  these  lesions,  which  are 
piTfectly  analogous  to  inflammatory  lesions  of  other  organs,  are 
rarely  classed  under  the  term  acute  and  chronic  hepatitis  where 
they  rightfully  belong. 

Central  Necrosis. — Necrosis  of  liver  cells  in  a definite  area 
surrounding  the  hepatic  vein  in  every  lobule  is  a common  lesion. 
The  term  central  necrosis  has  been  applied  to  it.  This  form  of 
necrosis  is  clearly  toxic  in  origin  and  follows  infection  with  a large 
variety  of  micro-organisms,  but  especially  with  the  streptococcus 
pyogenes  and  the  jineumococcus. 

Necrosis  around  the  hepatic  veins  is  often  very  extensive,  so 
that  only  a few  rows  of  liver  cells  are  left  intact  immecliately  around 
the  portal  vessels.  In  other  cases  the  lesions  are  slight  and  may 
affect  the  cells  uniformly  around  every  hepatic  vein,  or  only  large 
or  small  areas  of  them  on  one  or  more  sides  of  the  vein.  By 
their  form  and  grouping  they  may  suggest  focal  necroses,  but 
unlike  these  lesions  they  never  abut  on  the  portal  vessels. 

This  type  of  necrosis  of  liver  cells  is  frequently  preceded  by 
hydropic  degeneration.  Small  vacuoles,  often  many  in  number, 
form  in  the  cytoplasm  of  the  affected  cells  and  suggest  spaces 
occupied  in  life  by  fat,  but  in  each  vacuole  is  a minute  hyaline 
l)all;  later  fibrin  threads  and  even  occasionally  fibrin  networks 
appear.  4 hen  the  albuminous  granules  disappear,  and  the  cyto- 
])lasm  becomes  homogeneous  and  stains  intensely  with  eosin. 
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Tlio  nucleuti  at  first  stains  unifornily  and  deeply  with  nuclear 
dyes,  and  then  tlisaiipears. 

The  necrotic  cells  soon  separate  from  each  other.  As  a result 
of  the  necrosis  and  accoinjianying  it  an  acute  inflammatory  exuda- 
tion, consisting  of  serum  aiul  i)olymorphonuclear  or  endothelial 
leukocytes  or  of  both,  takes  jdace  into  the  trabecular  spaces, 
the  leukocytes  invade  the  necrotic  liver  cells  and  bring  about 
their  dissolution  and  disaiipearance. 

Central  necrosis  is  usually  a terminal  lesion,  that  is,  it  occurs 
shortly  before  death,  but  if  the  patient  recovers  the  cells  gradually 
disappear,  regeneration  of  the  liver  cells  as  a rule  occurs,  and  the 
trabecuhe  of  liver  cells  are  comifletely  restored  in  from  one  to  two 
weeks  so  far  as  can  be  judged  from  the  study  of  similar  lesions  pro- 
duced 111  animals  by  chloroform  inhalation.  Occasionally  human 


Ml  ^ ■* 

V-=  ■ ’> 

'j  ' .'.V 

•V  1 ”•  • '*  A _k  1 ' ^ ^ "»  * ' % •**  ’ 

r.-T  i- i'*  .‘V- 

A'-  ^ -'k-.- 


Fig.  378.— Extreme  degree  of  central 
necrosis  of  liver. 


Fig.  379.— Healed  central  necro- 
sis of  liver  without  regeneration  of 
liver  cells. 


cases  come  to  autopsy  in  wliicli  active  regeneration  is  evidencial  bv 

V In,|t , r *«  ==one  of 

hpmt?  I ’ "‘"■'■ow,  sometimes  I.roacI,  hetuTen  tlie 

™ 1 and  portal  vessels,  the  so-eaJled  mi.lsonal  n^Tosis.  T s 

f of  f on  seems  to  he  due,  at  least  in  some  instanecs  to 
atty  infiltration  of  tlie  liver  cells  around  the  hepatic  vein  winch 
n some  cases  not  in  all,  enables  the  cells  better  to  resist  he 
toxemia  to  which  the  others  stieciimli. 

deeeneram?r  of  central  necrosis  are  not  striking;  the 

“od  opaque.  Markeil  cases 
ugge-st  fatt>  infiltration  around  the  hepatic  veins.  If  congestion 

bloXs^llI  ‘1™  “f-oly  masked;  washii  roff 

olooa  usually  renders  it  visible. 
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Centnil  necrosis  is  followed  by  no  reaction  on  the  })art  of  the 
connective-tissue  cells.  If,  as  rarely  happens  except  in  chronic 
j)assive  congestion,  regeneration  does  not  take  j^lace,  the  center 
of  the  lobule  collapses,  the  trabecular  spaces  are  obliterated  except 
for  the  i)resence  of  a few  pigmented  endothelial  leukocytes,  the 


Fig.  .380. — a,  Simple  chronic  passive  congestion  of  liver;  h,  central  ne- 
crosis of  liver  complicated  by  hemorrhage  in  consequence  of  chronic  passive 
congestion;  sinusoids  almost  empty;  c,  .sinusoids  almost  empty;  necrotic 
liver  cells  beginning  to  disappear;  d,  siiuLsoids  almost  empty.  Necrotic  liver 
cells  have  disappeared.  Their  place  is  occupied  by  red  blood-corpuscles. 


lobules  shrink,  the  connective  tissue  contracts  and  thickens  up, 
anfl  the  liver  as  a whole  may  suggest  a slight  uniform  cirrhotic 
pro(;ess. 

Fibrin  sometimes  forms  in  the  trabecular  spaces  around  the 
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necrotic  cells.  INIore  often  it  aiipears  iii  the  sinusoids  as  thronihi 
secondary  to  the  necrosis  of  the  ci'lls. 

Central  Necrosis  with  Hemorrhage, — In  case.s  of  congestion, 
especially  of  the  chronic  ])a.ssive  type,  a necrosis  occurring  aroiimi 
the  hepatic  veins  is  usually  comjilicatiHl  by  a uiiifornil}'  di.stributed 
heniorrhage  into  the  trabecular  simces  around  the  .separati'd 
necrotic  liver  cells.  As  a result  of  the  heniorrhage  tlie  di.stended 
trabecular  spaces  .strongly  suggest  dilated  sinusoids.  This  is 
Iiarticularly  true  when  the  necrotic  cells  have  more  or  less  com- 
jiletely  di.sappeared.  As  a matter  of  fact  the  sinu.soids  are  usually 
compre.ssed  as  a result  of  the  hemorrhage.  IMidzonal  necrosis 
may  be  comjilicated  with  hemorrhage  in  the  same  wa}'^. 


. 381.— Liver.  Acute  yellow  atrophy.  Two  or  three  liver  ef>lk 

by  hwr  celirT/.' am/ji!^^  cmlothehal  leukocytes  in  spaces  formerly  occupied 


The  hemorrhagic  type  of  necrosis  may  be  susjiected,  but  is  not 
real  i y recognized  at  the  autop.sy  table.  If  the  necrotic  cells  are 
stil  jircsent  the  centers  of  the  lobules  on  section  are  not  depre.s.sed 
am  on  washing  off  the  blood  the  surface  may  appear  yellowish 
ami  opaque.  Microscopically,  this  form  of  necrosis  has  in  the  pa.st 
been  commonly  overlooked. 

Acute  Yellow  Atrophy.— In  certain  cases  of  central  necrosis 
the  iirocess  may  be  so  extensive  as  to  kill  every  liver  cell  over  a 
large  area.  Only  the  bile  ducts,  the  blood-ves.sels  and  sinu.soids 
and  the  connective  tissue  are  left  intact.  If  the  patient  lives  for  a 
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Fig.  3S2. — Acute;  ye'llow  atroj)liy  of  liv(>r.  Several  liver  cc'lls  containing  fat- 
droplets;  many  ('lulothelial  'leukocytes,  some  with  pigment  in  them. 


Fig.  .‘^8.‘h — Healed  stage;  e>f  acute  yellow  atrophy  e>f  live>r.  Illustration 
shows  e)ne  bhule;  all  liver  cells  ge)ne.  I’roliferatie)ii  e)f  bile  eluct  epithelium, 
but  no  liver  cells  forme;el.  M.  anel  B. 
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certain  leiij>;th  ot  tinu'  (oiU‘  to  several  \ve(‘ks)  tlu*  ii('(*rotie  cells  are 
rapidly  invaded  and  removed  hy  the  action  ot  lenkocyt('s,  (\s])(‘cially 
of  the  endothelial  tyjK'.  The  liver  cells  left  in  c(>rtain  j)arts  re- 
generate actively,  but  in  the  large  areas  where  there  are  none  only 
the  bile-duct  ej>itheliuni  proliferates.  It  leads  to  })rolongations  of 
the  bile  ducts  which  stretch  out  towards  the  hepatic  veins,  but 
they  do  not  jiroduce  liver  cells.  In  these  areas  the  form  of  the 
lobule  and  the  arrangement  of  the  ve.ssels  remain  perfect  but  much 
shrunken.  The  connective-tissue  cells  show  little  or  no  prolifera- 
tive activity. 

This  .stage  of  the  removal  of  the  necrotic  liver  cells  and  of 
regeneiation  and  repair  following  extensive  necrosis  givTs  rise  to 


livor  of  acute  yellow  atrophy.  Regenerated 

a.  ,h*';oo!henos  bid  T* 


certain  anatomic  changes  and  to  certain  clinical  .symjRoms  deiiend- 
ent  on  them  to  which  the  term  acute  yellow  atrophy  is  aiiplied 
yellow  because  the  patients  are  always  jaundiced,  atrophy  be- 
cause the  liver  is  much  diminished  in  .size. 

The  gro.ss  appearances  of  the  liver  found  postmortem  vary 
greatly,  acc^ording  to  the  length  of  time  which  intervenes  between 
le  iver-cell  necrosis  and  the  death  of  the  patient.  At  the  end 
o about  one  week  the  liver  cells  have  to  a large  extent  been  di.s- 

mimbor^'f  occupied  by  a variable 

number  of  endothelial  leukocytes.  The  liver  has  shrunken  to  one- 

lalt  or  even  almost  to  one-third  of  its  normal  size  (595  and  GOO 
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grams  respoctivc'ly  in  two  instances).  Here  and  there,  especially 
around  the  portal  vessels,  single  living  liver  cells  and  small  groups 
of  them  may  be  found.  In  gross  tlie  liver  is  uniformly  greatly 
diminished  in  size.  Its  edges  are  thin  and  its  surface  is  delicately 
wrinkled.  It  is  noticeably  flaccid  and  can  be  easily  rolled  upon 
itself.  Its  color  is  yellowish  red. 

In  case  the  patient  lives  two  to  four  weeks  or  more,  regeneration 
of  the  liver  cells  jilays  an  important  part  and  alters  the  gross 
appearance  of  the  organ.  In  those  parts  of  the  liver  where  the 
hepatic  cells  remain  uninjured  around  the  portal  vessels,  the 
lobules  may  be  completely  regenerated  and  those  parts  of  the  liver 
distended  up  to  their  normal  size  again  (or  possibly  even  beyond 
that  as  the  result  of  compensatory  hyperjilasia) . In  other  lobules 
where  only  one  or  more  cells  remained  uninjured,  only  small  clumps 
of  cells  result  from  regeneration.  In  those  areas  where  necrosis 
of  all  the  liver  cells  took  place,  the  shrunken  lobules  persist  with  a 
network  of  capillary-like  vessels  at  the  center  around  the  he]:)atic 
veins,  and  small  bile  ducts  stretching  out  towards  them  from  the 
portal  vessels  at  the  periphery. 

In  consequence  of  these  regenerative  changes  a liver  at  this 
stage  of  the  process  looks  as  though  only  a part  of  it  had  origin- 
ally been  injured  and  it  weighs  more  than  at  the  earlier  stage 
(960  grams  in  one  instance).  The  regenerated  areas  appear  of 
an  intense  yellow  hue  due  to  bile  staining  of  the  regenerated 
liver  cells.  The  atrophied  portions  are  of  a brownish  or  reddish 
color,  owing  to  little  else  remaining  than  sinusoids  filled  with 
blood. 

Toxic  Cirrhosis. — If  the  patient  makes  a conqilete  recovery 
the  liver  remains  sclerosed  in  the  atrophied  jwrtions,  and  when 
found  postmortem  is  classified  under  the  general  term  cirrhosis, 
of  which  condition  it  forms  one  int(‘resting  type.  It  represents 
the  healed  stage  following  extensive  sudden  necrosis  of  liver  cells. 
The  lesion  is  of  acute  toxic  origin,  hence  the  designation,  toxic 
cirrhosis.  In  contrast  with  the  other  forms  of  cirrhosis,  toxic 
cirrhosis  is  not  a progressive  chronic  jwocess,  but  an  end  pro- 
duct. 

Chloroform  Necrosis. — Central  necrosis  of  toxic  origin  is  readily 
produced  in  animals  by  subjecting  them  to  chloroform  narcosis 
for  an  hour  or  two.  The  same  type  of  lesion  affecting  three-fourths 
of  every  lobule  occurred  in  a woman  who  died  three  days  after 
drinking  four  ounces  of  chloroform. 

Alcoholic  Cirrhosis. — In  the  chronic,  progressive,  alcoholic 
type  of  cirrhosis  there  occurs  a iK^culiar  form  of  necrosis  of  the 
liver  cells,  which  seems  to  be  characteristic  of  it.  The  cytoplasm 
of  the  cells  first  undergoes  a degenerative  change  in  consequence 
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of  which  an  incguiar,  coarse,  liyaiinc  mc.sliwork  appears  in  it 
This  mesliwork-  stains  deeply  with  eosiii  and  with  iiliosiiliotiiiiKstic 
acid  heiiiatoxylm  after  fixation  in  Zenker’s  fluid.  Tliis  degenera- 
tive change  may  attack  single  cells  or  small  or  large  groups  of 
them  It  may  occur  focally  or  very  diffusely.  The  affected  cells 
may  be  situated  m any  part  of  the  lobule,  but  lie  most  commonly, 

perhaps  in  the  region  of  the  portal  vessels,  and  sometimes  are 
sharply  limited  to  that  location. 

swollen  “1'“'  '‘''0  usually 

ollen.  After  the  hyaline  change  has  reached  a certain  degree 

of  intensity  the  cells  are  surrounded  and  invaded  by  numerous 

polymorphonuclear  or  endothelial  leukocytes  (sometiiL  the  oZ, 


Fig.  3S.y-Llver.  ''' 


sometimes  the  other),  Avhich  dissolve  the  cells,  tlie  hyaline  retie 
lum  last,  and  thus  hrin^  about  their  disappearance. 

CPUs  liyalme  change  and  destruction  of  the  liver 

mitoti  'T  regeneration  as  evidenced  by  occasional 

mitotic  figures  m ad  o ning  liver  cells  Thom  oi  ^^^casional 

proliferative  activity  on  th^wt  f 

increase  of  connective  tissur  fi'>™'’lasts  resulting  i„ 

necrmironeur'*  I’™'!*'"'?"  'lagcneration  ending  in 

aX  hicrel  ,7  of  regeneration  of  liver  cells 

dhf ns!  ? "1  f connective  tissue  when  extenXe 

tlht  onLTvi:’  So 

siiPh  Q i;  ^ ^ grams  m one  instance).  The  surface  of 

such  a liver  is  smooth  and  on  section  the  cut  surface  is  Smdy 
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even,  the  lobulation  indistinct,  and  the  consistence  much  increased 
so  that  the  liver  tissue  tears  with  difficulty.  In  other  cases  the 
various  changes  are  much  less  extensive  and  hence  more  chronic, 
because  they  do  not  cause  death  so  quickly. 

Even  in  the  latest  stages  of  alcoholic  cirrhosis,  however,  it  is 
usually  possible  to  find  liver  cells  undergoing  the  peculiar  hyaline 
change  which  seems  to  be  characteristic  of  this  jirocess.  Still  it 
is  not  possible  to  deny  that  this  destructive  hyaline  change  may 
cease  entirely  and  leave  nothing  but  the  sclerosis  as  evidence  of 
what  has  taken  place. 


Fig.  386. — Liver.  Aleoliolie  cirrhosis.  Liver  cells  containing  hyalin  under- 
going necrosis  and  attracting  chiefly  polymorphonuclear  leukocytes. 


The  increase  in  the  amount  of  connective  tissue  causes  trouble 
later,  when  it  contracts,  by  occluding  l)ile  ducts  tind  blood-vessels 
here  and  there  throughout  the  liver.  Obstruction  of  the  bile 
ducts  results  in  focal  Itile  stasis  so  that  scattered  areas  apitear 
dark  green.  In  these  areas  the  bile  capillaries  are  often  greatly 
distended  and  in  places  ruptured  so  that  masses  of  inspissated 
bile  have  escaped  into  the  lymph-spaces,  between  the  liver  trabec- 
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uia>  ami  tlio  walla  ol  flic  aiimaoids.  Here  file  maasea  are  faken  iin 
liy  en.bthelial  leukocytes  ami  ,lissolve<l  just  as  in  or, Unary  gen- 
eialize,!  lulo  stasis  due  to  olistriiction  of  flie  eoiiinion  duet. 

It  IS  not  at  all  uncommon  to  find  all  these  different  processes 
hyaline  degeneration,  leukocytic  infiltration,  regeneration,  pm- 

htera  ion  of  e<iimectivc  tissue,  and  foeai  bile  .stasis)  present  in  one 
aiitl  the  same  liver  section. 

Hie  olwtriietion  to  the  general  flow  of  blood  tlirongli  the 
vessels  resiilfing  in  portal  stasis  and  ascites  neerls  no  menti,.n 

infill*’?-  is  '’Ci-y  connnonly  complicated  by  fatty 

live,!  «■'?-  increase  in  the  weight  of  the 

Inei  (dolo  and  3o80  grams  in  two  instances,  and  greater  weights 

are  on  reojrd).  As  a rule,  the  elinician’s  diagno.sis  of  hyper- 
tiophic  cirrhosis  proves  to  be  of  this  nature.  So  far  as  can  be 
detennined  from  histologic  observation,  the  presence  of  the  fat 
mterleres  m no  way  with  the  degenerative  process.  Cells  filled 

of'he'rs™'''  undergo  hyaline  change  like  the 

The  caii.se  of  the  increase  of  the  coimective  tissue  in  this  type 
of  cirrhosis  is  not  jicrfeetly  obvious.  The  primary  iniury  affecds 

Hint  foil  oloarly  in  the  preceding  type  of  cirrhosis 

(f  at  following  extensive  central  necrosis),  that  injury  to  the  liver 
ce  Is  n one  does  not  result  m proliferation  of  fibroblasts.  On  the 
other  hand  we  have,  in  alcoholic  cirrhosis,  around  and  invidin^ 
each  necrotic  cell,  an  acute  inflammatory ’exudate  T eZ  vt  f 
ah  eh  must  cause  more  or  less  stretching  of  the  connective  tZue 
he  n,ury  which  results  in  proliferation  of  fibroblasts  seems' 
therefore,  as  m pigment  cirrhosis,  to  be  mechanical  in  origin  not 

of 'the  I-"  ?i*  ''■'■aline  material  set  free  by  necrosis 

re.Milt  of  v hidi  n^generation  of  them  takes  jilace. 

. les  cliicct  toxic  or  mechanical  injury  to  fibroblasts  which 

plws'  Z * r'"  r‘i°  ♦'><'  pi-esoiice  of  fibrin  and  that 

pla\s  no  part  m this  form  of  cirrhosis. 

PvefZ"'T?'’*  "/  McohoUc  Cfrr/iesw.— No  one  has 

•ifIminiTt'r,?-  f '’rrf  < 'e 

~ l7  TZZ  ‘■’'I'”’”"'’ 

that  the  1 '•  ""''■stiRators  have  believed 

taminating  s^rtanZ*  ‘■«"- 

beiow?i''’"’'-‘’-^''''"’f“  ■'"'"""Is  in  amounts  inst 

Mo«  the  minimum  fatal  dose  will  pro,hice  in  a few  .lays  a I.Zli^e 
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lesion  in  the  liver  cells  siinihir  in  nil  respects  to  that  found  in  the 
alcoholic  cirrhosis  of  man.  Borne  of  the  cells  undergo  necrosis 
and  are  removed  by  the  digestive  action  of  leukocytes.  Re- 
generation of  liver  cells  is  shown  by  mitotic  figures.  This  obser- 
vation suggests  that  the  so-called  alcoholic  cirrhosis  of  man  may 
])ossibly  be  due  to  lead.  The  source  of  the  lead  is  not  easy  to 
determine,  but  it  is  known  that  acetate  of  lead  has  been  used  to 
sweeten  sour  wines.  Further  experimental  work  along  these 
lines  is  in  progress. 


Infectious  Lesions 

Introduction. — Infectious  lesions  in  the  liver  due  to  the  actual 
presence  of  the  injurious  agents  are  not  so  important  as  the  toxic 
lesions,  but  they  occur  fairly  commonly  and  are  due  to  a con- 
siderable variety  of  micro-organisms.  Some  of  these  micro- 
organisms  concerned  can  be  grouped  and  considered  together, 

others  will  have  to  be  treated  separately. 

Infection  of  the  liver  may  occur  by  direct  continuity  or  by  way 
of  the  hepatic  artery,  the  portal  vein,  or  the  common  bile  duct; 
possibly  also  through  the  lymphatics.  Infection  with  certain 
micro-organisms  is  common  liy  one  route,  with  othei  organisms 
by  other  routes.  In  pylephlebitis  secondary  to  lesions  of  the 
appendix  and  intestines,  the  infectious  thrombi  may  extend  directly 

into  the  liver. 

Abscess. — By  whatever  route  the  common  pus-iiroducmg 
micro-organisms  gain  access  to  the  liver,  they  usually  cause,  in 
the  first  jilace,  necrosis  of  the  liver  and  other  cells  in  the  areas 
affected.  Along  with  the  necrosis  or  following  it  there  occurs  an 
acute  inflammatory  exudation  witli  softening  of  the  destroyeef 
tissues.  The  abscess  thus  formed  usually  continues  to  enlarge  and 
may  coalesce  witli  others  in  the  neighborhood.  Such  abscesses 
may  break  into  the  veins  or  into  the  peritoneal  cavity.  11  t le 
bacteria  are  killed  off  the  abscess  may  be  encapsulated  by  a wall 
of  granulation  tissue  which  gradually  contracts  and  ends  hna  y 

as  scar  tissue.  . e i . x- 

Infectious  Cirrhosis.— When  bile  stasis  exists  from  obstruction 

of  the  common  bile  duct,  infection  along  the  duct  is  not  infre- 
quent. Of  greater  importance,  however,  arc  cases  of  ]irmiary 
infection  along  the  bile  ducts.  This  condition  apparently  oc- 
curs most  frequently  in  children.  It  is  attended  with  fevcT, 
jaundice,  and  often  rapid  enlargement  of  the  liver.  In  one  acute 
case  the  etiologic  agent  was  a Gram-negative  liacillus,  probably 
bacillus  coli.  The  lesion  consists  of  an  inflammatory  exudation 
in  the  bih;  ducts  and  in  the  periportal  connective  tissue.  Where 
the  lesion  is  acute  the  exudation  consists  of  polymorphonuclear 


ORGANS  OF  DIGESTION 


509 


eiikocytos,  serum,  and  fibrin.  \\'lu>re  tlie  jirocess  is  less  aetive 
the  exudation  consists  chiefly  of  endothelial  leukocytes,  many  of 
which  are  pliagocytic  and  contain  fragments  of  cells.  iMitosis  in 
endothelial  leukocytes  is  found  occasionally.  L^unIdlocytes  are 
present  m relatively  small  numbers.  Proliferative  reaction  on  the 
pait  of  the  fibroblasts  is  well  marked  and  evidently  follows 
injury  to  the  connective-tis.sue  cells  by  the  toxins  from  the  bacteria 
the  bile  ducts  are  much  distended  by  the  inflammatory  ex- 
ucktion  into  them,  and  in  places  the  lining  epithelium  has  been 
tnfnely  destroyed.  1 he  connective  tissue  surrounding  the  bile 

f f ' 1 ^listended  by  the  exudation  which 

Is  all  the  lymph-vessels  and  sjiaces  so  that  the  portal  tissues 


1 ■ " t iijipoaiaiicc  is  prol>al>Iv  due  to  contrsetinn  fa 
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flow  of  bile,  which  appears  in  tlie  ducts  above  tlie  point  of  ob- 
struction in  the  form  of  yellowish  green  ins]iissated  masses.  The 
obstruction  is  focal  only,  however,  not  general,  and  this  accounts 
for  the  moderate  degree  of  jaundice  jiroduced. 

This  tyiie  of  infection  is  likely  to  recur  so  that  much  destruc- 
tion of  liver  cells  and  production  of  comiective  tissue  may  occur. 
In  one  case  a typical  coarsely  lobulated  liver  was  jiroduced  in  a 
boy  of  fourteen  in  about  six  months  by  three  attacks,  d he 
situation  of  the  lesion  chiefly  around  the  ]iortal  vessels  seems  to 
be  fairly  characteristic.  In  two  iniants  born  jaundiced  the 
common  bile  ducts  were  found  obliterated,  and  the  bile  ducts 
throughout  the  liver  were  surrounded  by  a thick  zone  of  fibrous 
tissue.  This  condition  suggests  strongly  an  intra-uterine  infection 
extending  along  the  bile  ducts.  This  type  of  lesion  resulting  in 
sclerosis  (infectious  cirrhosis)  corresponds  to  acute  and  chronic 
pyelonephritis  in  the  kidney,  often  due  to  the  colon  bacillus. 


© 
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— Liver.  Infectious  cirrhosis,  early  stage.  Bile  duct  distended  with 
endothelial  luekocytes. 

Tuberculosis.— Three  different  types  of  lesions,  due  to  the 
tubercle  bacillus,  are  recognized  in  the  liver,  miliary  tubercu- 
losis, solitary  tubercle,  and  bile-duct  tulierculosis. 

Miliary  tuberculosis  is  the  most  common  type  of  lesion,  d he 
tubercles  may  !)('  easily  visible  to  the  nak(‘d  eye,  oi  so  small 
that  they  are  found  only  on  microscopic  examination.  They  may 
occur  as  ]iart  of  a generalized  miliary  tuberculosis,  oi  be  found 
here  practically  alone.  Tubercle  bacilli  which  get  into  the  cii- 
culation  are  more  likely  to  be  stopped  in  the  liver  than  in  any  other 
organ.  On  the  other  hand,  the  miliary  tubercles  do  not  tend  to 
enlarge  into  conglomerate  tubercles  and  large  caseous  masses. 
In  the  miliary  tubercles  giant-(*ells  are  sometimes  prominent,  at 
other  times  they  may  be  entirely  absent.  In  these  lattei  cases 
they  may  suggest  focal  necro.sis,  but  the  presence  of  an  old  tubei- 
culous  focus  els(!where  in  the  body  suggests  their  origin.  Certainty 
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is  obtained  by  denioiistrating  tubercle  bacilli  l)y  the  usual  stain- 
ing methods. 

(Jccasionall}^  miliary  tubercles  continue  to  sj)read  until  large 
tuberculous  notlules,  solitary  tubercles,  are  produced.  Such 
nodules  may  be  single  or  multiple  and  may  be  difficult  to  differ- 
entiate in  gross  from  early  gummas. 

In  some  cases  of  miliary  tuberculosis  where  the  iiffecting  organ- 
isms are  numerous,  many  tubercle  bacilli  may  be  carried  to  the 
lymph-spaces  and  vessels  in  the  periportal  coimective  tissue,  and 
lead  to  a fairly  diffuse  tuberculous  process  around  the  bile  ducts. 
Such  a process  may  possibly  result  in  sclerosis  of  the  liver.  (Occa- 
sionally a similar  infection  may  take  place  without  much  tubercu- 
losis elsewhere  in  the  liver  and  cause  a well  marked  chronic 
tuberculous  process.  The  bile  ducts  in  the  center  may  be 
destroyed  or  invaded,  so  that  bile  escapes  into  the  softened 
centers  of  the  tuberculous  lesions  and  stains  them.  The  process 
seems  to  extend  chiefly  around  and  along  the  bile  ducts  rather 
than  through  them,  although  the  latter  mode  of  extension  is  not 
impossible. 


SyphiUtic  Cirrhosis.— S3iDhilitic  infection  of  the  liver  is  usually 
divided  into  two  types,  the  congenital  and  the  acquired.  In  the 
congenital  type  a diffuse  lesion  predominates,  in  the  acquired  a 
focal  lesion,  but  the  two  t\^pes  of  lesions  are  often  combined  in  the 
congenital  form  and  may  coexist  to  some  extent  in  the  acquired. 

In  congenital  syphilis  the  treponemas  cause  a slight  inflam- 
matory exudation  and  much  reparative  proliferation  of  the  con- 
nective-tissue cells  lying  between  the  liver  cells  and  the  walls  of 
the  sinusoids  As  a result  of  the  active  and  continued  iwoliferation 
of  the  fibroblasts,  due  to  efforts  at  regeneration,  the  connective 
tissue  increases  greatly  in  amount.  This  is  shown  by  the  fact 
that  where  the  treponemas  are  most  numerous  the  coimective 
tissue  IS  most  abundant.  Later,  as  the  collagen  fibrils  contract 
le  hyer  cells  are  compressed  and  more  or  less  atrophy  of  them 
accorthngly  results.  This  diffuse  type  of  lesion,  resulting  in  pri- 
mary increase  of  connective  tissue  and  secondary  atrojdiy  of  liver 
cells,  IS  peadectly  well  recognized  as  characteristic  of  congenital 
syphilis.  It  IS  not  infrequently  complicated  with  focal  lesions 
(mihary  and  larger  gummas)  due  to  occlusion  of  blood-vessels 
necrosis  of  the  liver  and  other  cells  in  the  area  affected,  and  in- 
ammatory  infiltration  with  serum  and  polymorphonuclear  or 
endothelial  leukocytes. 

In  acquired  syphilis  the  jirimary  lesion  is  rarelv  or  never 

‘imf!  throughout  the  organ,  but  affects  larger 

and  smaller  foci  only  and  leads  usually,  perhaps  always,  to  necrosis 
and  inflammatory  infiltration,  forming  the  characteristic  gummas 
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of  this  type  of  infection,  which  Inter  may  heal  and  contract,  re- 
sulting; in  dee])  scars  and  more  or  less  lobulation  of  the  liver. 

Actinomyces. — The  actinomyces  may  reach  the  liver  by  direct 
extension  through  the  diaphragm  from  the  lung,  perhaps  the  more 
common  route  of  invasion,  or  through  the  circulation.  It  causes 
focal  and  conglomerate  lesions  consisting  of  an  acute  infiammatory 
exudation  around  the  organisms,  and  of  active  proliferation  of 
the  adjoining  coimective  tissue. 

The  actinomyces  n^ay  occur  in  typical  colonies  surrounded 
by  clubs.  As  a rule,  however,  growth  is  so  free  and  unobstructed 
that  the  organism  grows  in  loose  or  compact  tangles  of  filaments 
without  club-formation,  or  as  single  elements  or  threads  extending 
through  the  exudation. 

The  leukocytes  in  the  exudation  are  chiefly  polymoriihonuclear, 
but  endothelial  leukocytes  are  usually  present  also  in  varying 
liroiwrtions.  They  frequently  contain  the  organism  in  the  form 
of  bacilli  or  short  filaments;  occasionally  clubs  are  found  in  them. 
Little  or  no  fibrin  is  present  in  the  lesion.  Regeneration  of  the 
surrounding  connective  tissue  is  usually  very  active,  unless  the 
inflammatory  ]n’ocess  is  extending  too  rapidly. 

]\Iacroscoi)ically  the  acute  lesions  appear  as  small  focal  and  large 
conglomerate,  soft,  yellow,  opaque  areas  resemliling  necrosis.  On 
pressure  a yellowish  white  creamy  pus  can  be  squeezed  from  them. 

Alien  the  process  is  chronic  in  type  the  proliferated  connective 
tissue  forms  a coarse  sponge-like  meshwork  in  which  the  holes  are 
filled  with  pus  surrounding  the  actinomyces  colonies. 

Malaria. — Malarial  infection  does  not  cause  any  marked 
changes  in  the  liver  beyond  pigmentation.  This  is  because  the 
essential  jiathologic  process  takes  jilace  in  the  circulating  blood. 

The  endothelial  cells  lining  the  sinusoids  incorjiorate  red 
blood-corpuscles  in  which  the  malarial  organisms  have  lived  and 
developed  melanin.  The  result  is  that  these  endothelial  cells  very 
generally  throughout  the  lobule  contain  small  and  large  masses  of 
melanin  in  their  cytoplasm.  In  addition,  an  occasional  endothe- 
lial leukocyte  free  in  the  blood  contains  similar  masses  of  pigment. 
Evidently  these  cells  are  able  gradually  to  dissolve  the  melanin  be- 
cause it  does  not  accumulate  to  any  great  extent  in  the  liver. 
Only  a few  endothelial  leukocytes  migrate  with  their  pigment  to 
the  periportal  connective  tissue  and  lodge  there.  It  is  possil)le 
that  in  cases  of  long  standing  malarial  infection  this  accumula- 
tion of  endothelial  leukocytes  containing  melanin  might  become  a 
marked  lesion  and  lead  mechanically  to  one  of  the  types  of  sclerosis. 

Sclerosis  (Cirrhosis)  of  the  Liver.— To  the  clinician  the  term 
cirrhosis  usually  means  a chronic,  progressive,  destructive  lesion 
of  the  liver,  combined  with  reparative  activity  and  contraction 
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on  tlie  part  of  tlic*  eoiinectivi'  tissue.  This  contraction  of  the  con- 
nective tissue  may  lead  to  obstruction  of  bile  ducts,  causing  more 
or  less  jaundice,  and  to  interference  with  the  flow  of  blood  through 
the  blood-vessels  resulting  in  portal  congestion  and  ascites. 

Ihe  pathologist  uses  the  term  cirrhosis  in  a broader  sense 
He  applies  it  to  all  sclerosed  conditions  of  the  liver,  whether  pro' 
gre.ssive  or  not,  in  which  destruction  of  liver  cells  is  a.ssociated  vdth 
real  or  apparent  increase  of  connective  tissue. 

As  can  be  seen  from  the  study  of  the  different  kinds  of  lesions 
described  as  occnrrmg  in  the  liver,  a number  of  them  may  termi- 
nate  in  sclerosis  of  the  organ.  They  may  bo  summarized  as  follows. 
Sclerosis  of  Mechanical  Origin. — 

1.  Pigment  cirrhosis  occurring  in  hemochromatosis. 

2.  Carbon  cirrhosis. 

Sclerosis  of  Toxic  Origin. — 

atro]ihy^^^^  cirrhosis  following  central  necrosis  and  acute  yellow 

4.  Alcoholic  cirrhosis. 

Sclerosis  of  Infectious  Origin.— 

aromiJumInrdurtf 

e.  Syphilitic  cirrhosis  due  to  the  treponema  jiallidiim. 

/.  Tuberculous  cirrhosis  due  to  the  tubercle  bacillus. 

Sclerosis  of  Tumor  Origin. — 

8.  Primary  scirrhous  carcinoma  of  the  liver. 

types  of  sclerosis,  due  respectively  to  carbon  and  to  tho 
tubercle  bacillus,  but  one  example  of  each  has  been  rejiorted  so 
that  they  may  practically  be  neglected.  Sclero.sis  due  to  malig- 
nant drsease  IS  ordinarily  ela,s.sed  under  tumors,  but  deserves  to  be 
considered  here  because  the  clinical  .symptoms  and  gross  anatomic 
appearance  may  be  identical  with  sclerosis  of  other  origin. 

oxic  cirrhosis  following  central  necrosis  and  acute  yellow 

atrophy  is  of  acute  origin;  all  the  other  forms  are  steadily  iim 
gressive,  therefore  chronic  by  nature.  ^ ' 

The  terms  hypertrophic  and  atroiihic  cirrhosis  cause  the  student 
and  thechmcian  much  trouble.  This  analysis  of  the.se  severa  types 

h-htat  i a°sTthf  ir 

holic  cirrhosit  Ts  “’'■“V"  and  alco- 

X.  'n  each  instance  to  an  e.\teil8ive  diffuse 

acuteprocess.  If  the  acute  lesion  cca.ses  and  healing  takes  place  or 
he  process  is  of  moderate  intensify  and  long  duratimi  T?h°t 

LillboT  tte  liver  win  ^ prominent  than  degeneration  and 
• 1 a-  r e dimmish  in  size  below  thenoriml 

below  the  nol!al  w^^^^  stages 
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Atroiihic  cirrhosis  simply  means  a liver  in  which  a large  pro- 
portion  of  the  liver  cells  have  been  destroyed  and  have  disappeared, 
while  the  existing  and  new-formed  connective  tissue  has  been 
rendered  unduly  prominent. 

The  terms  monolobular  and  multilobular  cirrhosis  are  also 
extrenielj^  confusing.  They  state  only  a relation  between  masses 
of  liver  cells  which  rarely  corresiiond  to  liver  lobules  and  strands 
of  connective  tissue.  They  do  not  in  the  least  ex]ilain  the  nature 
of  the  process.  In  infectious  cirrhosis  of  bacterial  origin  the  lesion 
is  confined  quite  uniformly  to  the  portal  vessels;  the  same  is  true 
to  a less  degree  of  pigment  cirrhosis.  If,  after  old  custom,  the  hep- 
atic vein  is  taken  as  the  center  of  the  lobule,  then  the  two  types  of 
cirrhosis  may  be  said,  perhaps,  to  deserve  the  term  monolobular. 

In  syphilitic  cirrhosis  of  the  diffuse  type  the  sclerosis  sjireads 
quite  evenly  throughout  every  lobule. 

In  cirrhosis  following  central  necrosis,  large  groiqis  of  lolmles 
are  completely  sclerosed,  while  other  large  groups  may  be  jierfectly 
normal  or  hyperplastic.  The  lesion  is  most  irregular  in  distribu- 
tion. 

In  alcoholic  cirrhosis  the  distribution  and  intensity  of  the 
degenerative  process  vary  greatly  in  different  cases,  and  the  in- 
crease of  the  connective  tissue  follows  in  the  same  lines.  It  often 
cuts  into  lobules  in  every  direction.  At  other  times  it  is  fairly 
regular  in  its  distribution.  As  a rule,  however,  the  lobular  ar- 
rangement is  quickly  distorted.  Hepatic  veins  are  hard  to  fintl. 
Sometimes  the  more  normal  areas  are  small,  at  other  times  large, 
so  that  on  gross  examination  either  term,  mono-  or  multilobular, 
might  be  appropriate.  It  must  also  lie  borne  in  mind  that  re- 
generation of  liver  cells  plays  an  important  role  in  alcoholic  cir- 
rhosis and  may  lead  to  comparatively  large  areas  of  newly-formed 
liver  cells,  showing  no  lobular  arrangement,  containing  no  bile 
ducts,  and  sometimes  regarded  as  adenomas. 

It  would  seem  much  wiser  to  discard  these  terms  which  do  not 
explain  and  serve  only  to  confuse.  They  emphasize  the  wrong 
end  of  a pathologic  process  and  represent  only  the  result  of  forces 
acting  against  each  other,  the  expanding  efforts  of  regenerating 
liver  cells,  the  contracting  force  of  jiroliferated  fibrol)lasts  which 
tend  to  squeeze  the  surrounding  liver  cells  into  the  smallest 
compass,  namely,  into  spherical  masses. 

It  has  long  been  a much  disputed  point,  chiefly  with  reference 
to  the  alcoholic  type  of  cirrhosis,  whether  the  number  of  bile 
ducts  in  certain  cases  is  greatly  increased  or  whether  many  of 
them  are  not  compressed  columns  of  liver  cells.  The  type  of 
cirrhf)sis  following  central  necrosis  shows  that  bile  ducts  may 
grow  out  to  a considerable  distance  toward  the  hepatic  vein.  In 
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infectious  cirrliosis  ii  similar  prolongation  ol  hik'  ducts  iiui}'  occur. 
On  the  other  hand,  the  diffuse  form  of  sy])hilitic  cirrhosis  shows 
that  liver-cell  trahecuhe  may  be  greatly  comj:)ressed  so  as  to 
resemble  to  some  extent  bile  ducts.  Therefore,  it  is  theoretically 
possible  that  both  true  and  apparent  bile-duct  formations  may 
occur  in  alcoholic  cirrhosis.  As  a matter  of  fact  both  jirobably 
do.  If  they  are  carefully  studied  after  iiroper  staining  it  will  often 
be  found  that  in  some  of  the  ejiithelial  ccdls  composing  them  hyaline 
material  similar  to  that  in  the  degenerating  liver  cells  is  jiresent 
Likewise  in  alcoholic  cirrhosis  complicated  with  fattv  infiltration 
at  vacuoles  will  occasionally  be  found  in  the  cells  which  look  like 
bile-duct  epithelium.  The  presence  of  fat  vacuoles  and  of  the 
hyaline  material  proves  beyond  question  that  the  cells  coiitainino- 
them  are  compressed  liver  cells  and  not  bile-duct  e])ithelium. 

Entameba  Histolytica.  Infection  takes  place  through  the  iior- 
tal  circulation  secondary  to  lesions  of  the  intestinal  tract.  The  or- 
ganism causes  large  and  small  areas  of  necrosis,  and  abscesses 
Avhich  may  be  of  large  size.  The  lesion  consists  chiefly  of  necrosis 
and  tissue  solution.  Inflammatory  exudation  is  not  prominent. 

I he  amebae  may  be  few  or  many  in  number.  Thev  iiiav  occur 
alone  or  combined  with  various  bacteria.  There  seems  to  be  no 
reason  to  doubt  that  they  are  able  alone,  without  the  aid  of  liac- 
teria,  to  cause  the  lesions  associated  with  them. 

It  i.s  often  possible  to  find  amebae  here  and  there  in  the  sinusoids 
without  any  lesion  around  them.  As  soon  as  several  are  present 
however,  the  neighboring  liver  and  other  cells  undergo  necrosis 
and  dissolution  without  any  marked  inflammatory  reaction  bein- 
caused.  The  necrotic  cells  are  gradually  transfonned  into  finely 
gi  anular  material.  Polymoriihonuclear  and  endothelial  leukocytes 
may  be  attnicted  in  small  numbers,  but  likewise  quickly  undergo  ne- 
crosis and  sxjlution.  Fibrin  is  often  jiresent  in  the  wall  of  the  cavity 
formed  m this  way.  Leukocytes  of  the  lymphoblastic  series  are 
usually  fairly  numerous  outside  of  the  filirin  and  in  the  periportal 
connective  tissue  Oecasioudly  the  lymphatics  contain  amete 
and  endothelial  leukocytes.  The  connective  tissue  .shows  little 
or  no  evidence  of  regenerative  activity.  The.se  lesions  in  the  liver 
due  to  the  entmneba  histolytica  are  frequently  complicated  bv 
extensive  central  necro.sis  and  by  thrombophlebitis. 

. lacroscoincally,  the  lesions  appear  as  large  and  small  areas  of 
necrosis  and  as  abscesses  which  are  often  very  extensive. 

Jaundice.  Jaundice  is  the  name  applied  to  the  yellow  hue 
acquired  by  the  skin,  sclera,  and  internal  organs  and  fluids  when 
ley  lave  been  stained  by  bile  iiigments  due  to  the  jiresence  of 
bile  in  the  blood.  When  the  bile  i.s  large  in  amount 
or  a long  time  the  color  may  liecome  brown  or  green.  The 
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liver  usually  a]ipears  the  most  deejily  stained,  a dark 

j>reeii,  because  in  addition  to  the  tliffuse  bile  staining,  the  lobules 
often  contain  masses  of  ins]iissated  bile  in  their  centers  around 
the  hejiatic  veins.  The  kidney  comes  next  in  intensity  of  color, 
because  in  addition  to  the  general  staining  its  cells  contain  gran- 
ules of  bile  ])igment  which  is  being  excreted  through  them. 

Jaundice  usually  results  from  general  or  focal  bile  stasis  in  the 
liver  and  the  escape  of  bile,  as  already  explained,  into  the  circula- 
tion. General  bile  stasis  is  due  to  the  occlusion  of  the  common 
or  hepatic  bile  duct  by  calculus,  cancer,  gumma,  cicatricial  con- 
traction and  other  causes.  Focal  bile  stasis  results  from  any 
cause  which  occludes  branches  of  the  bile  duct,  such  as  cirrhosis, 
tumor  metastases,  abscesses,  infection  of  the  bile  ducts.  In  all 
these  instances  the  stasis  of  the  l)ile  and  the  esc;ape  of  the  inspis- 
sati'd  masses  of  it  from  the  distended  bile  ca]iillaries  is  readily  dem- 
on.strated  microscopically. 

Jaundice  may  follow  central  necrosis  of  liver  cells,  especially 
the  severer  tyj)es  of  the  lesion  terminating  in  acute  yellow  atrophy. 
Two  reasons  may  l)e  assigned  for  the  jaundice;  in  the  milder 
lesions,  owing  to  necrosis  and  dissolution  of  the  liver  cells,  the 
bile  ca))illaries  are  left  ojien  at  the  ends  toward  the  hepatic 
vein  so  that  the  bile  can  easily  escape;  in  the  severer  lesions  single 
liver  cells  and  small  groipis  of  them  are  left  without  connection 
with  the  bile  ducts;  the  bile  secreted  by  them  necessarily  escapes. 
Jaundice  may  occur  in  midzonal  necrosis  apparently  from  the 
same  cause,  a break  in  the  continuity  of  the  bile  capillary  system. 
In  this  group  of  lesions  no  inspissated  bile  is  found. 

The  cause  of  the  jaundice  occurring  in  septicemias  with  the 
streptococcus  pyogenes,  pneumococcus,  bacillus  aerogenes  cap- 
sulatus,  malaria  organisms,  etc.,  is  not  evident  in  sections  morpho- 
logically. Jaundice  in  lobar  ])neumonia  may  sometimes  be  the 
result  of  a septicemia;  in  other  instances  a small  amount  of 
ins])issated  bile  may  be  found  in  the  bile  capillaries,  but  not  out- 
side of  them.  Although  it  is  strongly  denii'd  by  many  investi- 
gators, the  possibility  still  exists  that  in  some  instances  of  jaun- 
dice the  bile  ingmenb  may  origmate  from  the  blood  jiigment 
outside  the  liver  and  indepimdently  of  any  hepatic  action. 

Eclampsia. — In  the  clinical  condition  known  as  eclampsia, 
which  sometimes  complicates  pregnancy,  at  least  two  different 
typi'S  of  lesions  may  occur  in  the  liver,  hemorrhages  and  necroses. 
The  hi'inorrhages  are  much  the  more  common  and  are  very  charac- 
teristic. They  occur  around  the  portal  vessels  and  beneath  the 
capsule  and  sjiread  out  from  these  points.  The  individual  hem- 
orrhages are  minute  and  affect  only  single  cells  or  small  clumps  of 
them,  but  they  are  often  grouix'd  so  as  to  form  hemorrhagic 
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areas  of  considerable  size.  1 he  heinorrliaftes  sometimes  (‘xtc'iul 
as  far  as  the  hepatic  veins  in  tlie  centers  of  tlie  lobules,  but 
usually  not  be3mnd  the  midzonal  region. 

The  hemorrhages  show  tliat  the  blood  escaj)es  under  consider- 
al)le  pressure;  the  affected  liver  cells  are  usually  much  flattened 
and  forced  from  the  side  on  which  the  blood  entered  the  trabecular 
space.  Sometimes  the  blood  seems  to  have  been  driven  into  the 
liver  cells  and  to  have  disrupted  them.  No  such  evidence  of  pres- 
sure e.xerted  by  the  escaping  blood  is  shown  in  the  hemorrhagic 
yjie  of  central  necrosis.  The  evident  pressun^  therefore,  suggests 
that  the  blood  conies  from  the  arterial  circulation  under  much  ten- 
sion and  is  jirolialdy  con- 
nected with  the  high*  blood 
tension  and  the  convul- 
sions of  eclamptic  origin. 

A ])cculiarity  of  these 
hemorrhages  is  that  fibrin 
forms  almost  immediately 
around  the  red  blood- 
corpuscles  and  injured 
liver  cells,  and  by  its 
presence  greatly  obscures 
the  lesion.  The  fibrin  is 
formed  in  greatest  abun- 
dance close  to  the  portal 
vessels  and  rajiidly  dimin- 
ishes in  amount  away  from 
this  region  so  that  the 
hemorrhages  occurring  in 
the  midzonal  region  usu- 
ally contain  little  or  none.  Fibrin  may  also  form  secondarilv  in 
the  sinusoids  within  and  adjoining  the  hemorrhagic  areas  and 
may  even  extend  out  into  the  jiortal  blood-vessels. 

following  the  hemorrhage  the  injured  liver  cells  undergo 

Th^roi  n r <lis8olved  by  endothelial  leukocytes, 

lie  red  blood-corpuscles  also  may  be  engulfed  and  di-ssolveif 

cent  r.T  '"''f which  occur  in  eclampsia  are  of  two  types,  focal  and 
tial.  In  my  experience  the  focal  variety  is  the  more  common 
Ifie  focal  necroses  may  be  small  or  large,  and  are  usuallv  more 
oi  less  inidzonal  in  location,  but  may  adjoin  the  hepatic  Vein  or 
he  portal  vessels.  The  affected  cells  undergo  first  an  increase  In 
thk  u^^^  ffcj-haps  in  the  number  of  the  albuminous  granules* 
is  followed  by  a hyaline  change  in  consequence  of  which  the 
cytoplasm  o the  cells  stains  intensely  with  acid  dyes  T^ey  are 
then  invaded  and  dissolved  by  endothelial  leukocytes. 


3iS9.  bosion  in  fiver  in  oolampsia. 
ATI  hy  force  into  liver-cell  columns. 

iMuch  hbrin  formation. 
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Necrosis  of  the  central  type  may  affect  the  larj^er  part  of  every 
lol)iile.  It  usually  occurs  without  the  characteristic  hemorrhages 
aiul  unquestionably,  in  some  cases  at  least,  is  of  liacterial  origin 
and  due  to  infection  following  delivery.  If  chloroform  has  been 
used  as  an  anesthetic  another  cause  for  the  central  necrosis  is  per- 
fectly evident. 

No  relation  between  the  necroses  and  the  hemorrhages  can 
be  demonstrated,  although  the  two  types  of  lesions  sometimes 
involve  the  same  areas.  Apparently  the  blood  escapes  through 
the  walls  of  the  sinusoids  into  the  traliecular  s])aces  at  the  ])oints 
where  the  ])ressure  is  greatest,  and  not  because  of  any  esjx'cial 
jireceding  degeneration  of  the  liver  cells.  The  hemorrhages  are, 
therefore,  to  be  regarded  as  mechanical  in  origin. 

The  hemorrhages  form  a characteristic  lesion  of  eclampsia. 
Some  authorities  regard  them  as  diagnostic  and  believe  that 
without  the  presence  of  these  lesions  a diagnosis  of  eclampsia 
should  not  be  made.  This  view,  however,  does  not  seem  tenable. 
No  one  believes  that  the  hemorrhages  or  the  focal  or  central  necroses 
give  rise  to  the  symiitoms  of  eclampsia;  therefore  they  are  not 
the  jiathologic  basis  of  the  disease,  which  must  be  sought  elsewhere. 
They  are  frequent  and  characteristic  complications,  just  as 
typhoid  lesions  may  perhaps  invariably  be  found  in  the  liver  if 
one  will  look  for  them:  these  latter  form  a characteristic  lesion  of 
typhoid  fever,  but  are  not  essential  to  its  existence. 

In  favor  of  this  ])oint  of  view  it  may  be  stated  that  lesions, 
identical  with  those  in  eclampsia  in  character  and  location,  were 
found  in  small  numliers  in  the  liver  of  a man  fifty-eight  years  old 
who  died  from  pneumococcus  sejiticemia,  lobar  pneumonia  and 
acute  meningitis. 

Focal  Necroses. — Focal  necrosis  is  the  term  apiilied  to  nec- 
rosis of  clumps  of  liver  cells  not  lying  in  the  center  of  the  lobule 
around  the  hepatic  vein.  The  foci  involved  may  consist  of  only 
a few  cells,  or  equal  in  size  a miliary  tuliercle,  or  rarely  be  much 
larger.  The  lesions  may  be  situated  in  any  part  of  the  liver  lobule, 
but  are  most  frequent  near  the  ]iortal  vessels  and  in  the  midzonal 
region.  The  condition  of  focal  necrosis  is  much  less  common  than 
central  necrosis. 

Necrosis  of  single  liver  cells  or  even  of  very  small  groups  of 
them  is  often  found,  especially  in  acute  infectious  diseases  such  as 
lobar  pneumonia.  They  are  most  numerous  in  the  livers  of  yellow 
fever  patients,  and  in  that  disease  tend  to  occur  most  frequently  in 
the  midzonal  region. 

The  cause  of  focal  necrosis  is  ])robably  not  always  the  same. 
The  lesion  seems  to  be  sometimes  of  toxic,  at  other  times  of  in- 
fectious, origin. 
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The  focal  lesions  oeeurring  in  the  liver  in  typhoid  feviT  are  dis- 
cussed elsewhere.  They  do  not  arise  as  a iiriinary  necrosis  of  liver 
cells,  hut  like  miliary  tubercles  each  is  due  to  an  accumulation  of 
endothelial  leukocytes  around  an  organism.  The  liver  cells  undergo 
necrosis  secondarily  owing  to  local  obstruction  of  the  circulation. 

Ihe  cause  of  the  focal  necroses  in  eclampsia  is  not  evident. 
The  lesions  suggest  a toxic  origin. 

The  focal  necroses  which  occur  rarely  in  scarlet  fever,  diph- 
theria, and  some  other  infectious  diseases  seem  to  be  of  infectious 
origin.  They  are  often  spherical  in  sha]ie  and  of  about  the  size  of 
mihaiy  tuliercles,  but  sometimes  are  larger  or  smaller  and  irregular 

m loriii.  They  show  a distribution  similar  to  that  of  tuliercles  in 
the  liver. 

Attention  has  already  been  called  to  the  fact  that  the  lesions  of 

central  necrosis  may  sometimes  closely  simulate  those  of  focal 
necrosis. 

In  the  livers  of  apparently  normal  guinea  pigs  focal  necroses 
are  often  found,  sometimes  in  large  numbers.  It  is  ini])ortant  to 
bear  this  fact_  m mintl,  otherwise  wrong  conclusions  may  be  drawn 
when  this  animal  is  used  for  exi:>erimental  purposes.  Necrosis  of 
single  hver. cells  and  of  small  groups  of  them  is  often  produced  in 

Stance  injection  of  various  toxic  sub- 

GALL-BLADDER 

Inflainmation  of  infectious  origin  is  fairly  frequent  in  the 
gall-bladder  and  may  be  of  a mucoid,  fibrinous,  purulent  or  gan- 
gTenous  tyjie.  The  wall  may  be  congested  and  thickened  Ob- 
struction may  lead  to  marked  dilatation.  The  inner  surface  may 
le  u cerated  and  the  mucous  membrane  more  or  less  completely 
destroyed  If  the  process  becomes  chronic  the  gall-bladder 
becomes  thickened  and  later  contracts  into  a .small,  den.se,  fibrous 
ma^^  without  a unien  or  with  its  cavity  filled  with  gall-stones, 
uniors  n I le  gall-bladder  are  rare.  The  commonest  is  the 

liveTtSsue."'  adjoining 

PANCREAS 

Histology.— The  pancreas  is  comjio.sed  of  glands  i.slets  mid 
ducte  hold  togothor  by  a stroma  of  eonnoctivo  tissue ^and  hloZ- 
gaiigiia  i'<“lativoly  mimorous  sympatlietic  nerve-coil 

ul.  ‘ined  with  comparatively  large  cells 

«lnch,  m the  non-secreting  stage,  contain  numerous  coarse  zvmo 
gen  granules  m the  cytoplasm  on  the  side  adjoining  the  lunien- 

lckrdves“  T?  “tain*  leepi;  S 

acid  dyes.  The  outer  portion  of  the  cytoiiiasni  is  strongly  baso- 
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philic.  The  nuclei  are  round  and  each  contains  one  or  two  rela- 
tively large,  distinct  nucleoli. 

The  islets  (areas  of  Langerhans)  are  small  spherical  clumps  of 
cells  arranged  in  trabeculae  which  are  separated  ley  comparatively 
large  capillaries.  The  islets  have  no  lumina.  The  cells  composing 
them  are  small  and  of  three  types;  two,  known  as  the  A and  B 
cells,  contain  fine  granules  in  their  cytoplasm,  the  third  contains 
none.  The  granules  of  the  A cells  are  preserved  by  alcohol,  of 
the  B cells  by  a chrome-sublimate  solution.  Both  sorts  of  granules 
are  dissolved  by  acetic  acid. 

The  islet  cells  A and  B develop  independently  from  undif- 
ferentiated duct  cells.  The  islets  for  the  most  jiart  continue  to  be 
connected  with  ducts  by  a system  of  tubules  and  cell-cords  com- 
posed of  small  polygonal  cells  of  a low  order  of  differentiation. 

Exiierimental  work  has  shown  that  both  acini  and  islets  may 
be  fornietl  from  the  ducts  at  any  stage  of  existence.  In  regenera- 
tion of  the  pancreas,  buds  of  cells  spring  from  the  ducts  and  develop,  - 
some  into  islets,  some  into  acini.  Transitions  between  islets  and 
acini  are  never  seen. 

The  islets  vary  in  number  in  the  different  portions  of  the 
])ancreas,  being  almost  twice  as  numerous  in  the  tail  as  in  the  head 
or  body. 

Postmortem  changes,  due  chiefly  to  autodigestion,  are  frequent. 
They  usually  start  in  foci  which  enlarge  and  coalesce  until  the 
whole  ]mncreas  may  be  involvc'd.  JNIicroscopically  the  nuclei  in 
the  affecti'd  areas  do  not  stain  and  the  cells  shrink  or  dissolve  a 
little  so  that  the  interglandular  connective  tissue  seems  increased 
in  amount.  These  lesions  of  postmortian  origin  are  readily  dis- 
tinguished from  those  occurring  before  death  by  the  lack  of  any 
inflammatory  reaction  around  them. 

Retrograde  Changes. — In  various  infectious  and  other  diseases 
fat  often  accumulates  in  the  form  of  small  droplets  in  the  cjToiilasm 
of  the  epithelial  cells,  both  in  the  adni  and  in  the  islets.  Some- 
times it  is  more  abundant  in  one  location,  sometimes  in  the  other. 

An  ingrowth  of  fat  tissue  (lii)omatosis)  between  and  often 
into  the  lobules  is  not  infn'quent,  and  in  fat  jieople  is  sometimes 
so  extreme  that  the  j)ancreatic  tissue  ajipears  only  in  small  islands 
scattered  in  fat  tissue. 

In  general  atrophy  the  cells  of  the  pancreas  diminish  in  size, 
but  no  pigment  is  found  within  them. 

Necrosis  is  a common  lesion  in  connection  with  the  ]mncreas, 
but  usually  affects  the  fat  and  other  tissues  adjoining  and  between 
the  lobules  more  than  the  epithelial  structures  themselves. 

'^riie  secretion  of  the  pancreas  sometimes  accumulates  within 
the  ducts  and  especially  within  the  acini  and  causes  dilatation.  It 
usually  ay)pears  more  or  less  inspissati'd  and  often  presents  a lay- 
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ered  iip])carauce.  ( )ccasioiially  concretions  of  considerable  size  are 
lorined  1 he  epithelium  surrounding  them  is  often  much  flattened. 

Hyahne  Islets.— Hyalin  is  occasionally  formed  in  the  islets 
o t le  jiancreas  and  is  the  most  serious  lesion  affecting  them  be- 

rihe'LT  ^lestruction  of  the  islet-cells,  and  destruction 

as  Juabetes  sym])toin-com]ilex  known  clinically 

The  hyalin  arises  apjiarently  in  the  same  manner  as  amyloid 
amely,  as  a secretion  of  the  fibroblasts  outside  the  walls  of  the 
capillaiies  111  tlie  islets.  The  hyaline  deposit  gradually  causes 

epithelial  cells  causes  them  to  atrophy  and  disapiiear.  Some- 


Fig.  .j90.  Pancrca.s.  Concretions  in  dilated  glands. 


ported  the  pa„e^0.^,,  but  never  to  the  ime  c^^ent  f Tn  the' 

acinar  epibdiurtdT"'''  ^ 

cumulate  often  in  ciumpVin  the  which  ac- 

> of  an  aneurysm  in  consequence  of  arterio- 
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Fig.  391. — Pancreas.  Diabetes.  Part  of  an  islet  showing  hyaline  formation 

and  atrophy  of  islet-cells. 


Fig.  392.  —Pancreas.  Diabetes.  Part  of  an  islet  showing  marked  hya- 
line formation  anrl  almost  compUde  (lisai)pearance  of  islet-cells.  Ilyahn  gave 
typical  reaction  for  amyloid.  No  amyloid  in  other  organs. 
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sclerosis  or  follow  injury  or  iiifectioii.  If  occurs  most  frcquciillv 
in  ooimcctioii  mtli  necrosis  due  to  csciipo  of  iiancrcatic  secretion 
Lesions  of  Mechanical  Origin.-Tlie  duct  of  the  pancreas  may 
be  obstructed  by  pancreatic  or  by  gall-stones,  by  cicatricial  tissue 
by  new-growt  IS,  especially  cancer,  or  very  rarely  by  parasites. 

t.,1  r"'/  7 “‘■■ophy  of  the  glands  and  sclerosis 

take  Jilace,  but  if  it  is  only  iiartial,  dilatation  of  the  duct  or  cy.st 

oimation  may  occur.  The  cysts  may  he  large  or  small  single 

hrre^si^  o/V’ 7 7®  sometimes  a!ttai7a 

arge  sw.  Obstruction  of  the  duct  is  always  likely  to  be  com- 

Jihcated  by  mtection  extending  in  from  the  intestine 

Lesions  of  Toxic  Origin.-Necrosis  of  epithelial  cells  occurring 


Fig.  393.-Pancreas.  Diabetes.  Extensive  amyloid  formation  in  islets.  M. 

m the  glands  of  the  jiancreas  as  the  result  of  toxins  in  the  circuhi 
tion  is  rare.  Occasionally  acinar  cells  singly  or  in  chimii^  «+.,• 
pink  and  show  no  basophilic  properties:  the  nuclei  are  contracted 

ocyterloJtn  ^ acenmulations  of  polymorphonnclear  leuk- 
thp  oP,n  1 • Skands  are  not  uncommon.  Occasionally 

'K  e rtliis  f ™ 7l  ™ 

pre  e d 0 t as  7'“'  ?! 

losion  is  likely  ;?  <l<?tormincd  histologically,  although  the 

mac  he  7 h ‘'‘'■“mP^y  a septicemia.  In  some  instances  it 

reason,  is  not  so  toxic  as  usual  and  does  ^t^ke'd  tfoTs! 
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Acute  Pancreatitis,  Fat  Necrosis.--The  secretion  of  the  pan- 
creas sometimes  escapes  from  the  glands  or  ducts  into  the  surround- 
inji;  tissue  and  acts  as  an  injurious  agent.  What  k'ads  to  its  escape 
is  not  fully  understood.  Perhaps  sudden  temporary  obstruction 
of  the  ducts  plays  an  important  part,  just  as  ligature  of  the  common 
bile  duct  in  rabbits  causes  escape  of  bile  and  necrosis  of  liver  cells. 
The  ])assage  of  bile  and  of  intestinal  contents  into  the  pancreatic 
duct  ai^parently  favors  the  escape  of  pancreatic  secretion  and  its 
injurious  action,  especially  on  fat-cells.  h.ixperiniental  work  ba(*ks 

up  clinical  experience  on  this  point. 

The  pancreatic  secretion  may  escape  in  only  small  amounts 
and  affect  foci  of  cells,  or  escape  in  more  or  less  abundance  and 


leukocytes;  cause  not  known.  M. 


involve  a large  part  or  the  whole  of  the  pancreas,  and  also  some  of 
the  surrounding  tissue.  In  rare  instances  the  retroperitoneal 
tissues  and  the  abdominal  wall  have  also  fieen  more  or  less  exten- 
sively affected  by  the  necrotic  ]:>rocess.  When  the  foci  are  small 
and  involve,  as  they  usually  do,  fat-cells  the  term  fat  necroses  is 
applied  to  them.  When  the  pancreas  is  more  or  less  extensively 
involvt'd  tlie  term  acute  pancreatitis  is  emiiloyed.  Ihe  latter 
process  is  usually  complicated  by  fat  necroses. 

The  pancreatic  secretion  spreads  much  more  rapidly  between 
the  lobules  in  the  loose  connective  tissue  and  around  the  fat-cells 
and  lilood-vessels  than  it  does  in  the  solid  gland  tissue;  therefore, 
it  riroduccs  most  of  its  effect  tl.ere.  Tlu.  fat-eells  are  rendered 
particularly  cons|)icuous  because  of  tlie  changes  \\  uc  t ta  x p ace 
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in  the  Int  contained  in  them.  Jt  is  sjilit  up  and  from  it  are  foriiK'd 
certain  tany  acnls  which  attract  linu-salts  from  .the  tissue*  juices. 
Ihese  foci  of  necrotic  fat  tissue,  usually'  calk*d  fat  necroses  for 

s lort,  aj^ipear  to  the  naked  eye  dry,  ojiaciue  and  yellowish  white 
to  white  m color. 

Iho  escaix'd  secretion  causes  necrosis  not  only  of  fat-colls  l>ut 
also  of  all  the  other  cells  with  which  it  comes  in  contact,  epithelial 
smooth  muscle,  etc.  The  walls  of  hloo<l-ves,sels  are  frequently 
destroyeil  m part  or  entirely  .so  that  thrombi  form  within  them  or 
so  that  they  ru))ture  and  allow  the  escajie  of  blood.  On  this 
account  hemorrhage  is  a eomnion  complication  of  e.xtensivc  toxic 


"--Jt*  ^ ^ ^ 

froin  abiloiiiiiuil  wall  ijcrrosis  of  fat  li.ssiio.  l3oi.ti„a 

tiro,, lots,  lying  botwoon  tbe  imS-fiS.  M '‘'"'“‘•.vtcs,  lill,.,l  with  fat- 

'-n'iia^cpLmTeiT 

'“rtr 

•\s  a rule  the  lobules  of  ” li  P^'x-'a'afic  .secretion. 

Tht  reacti  fob  "f'=''"^,yo.‘'‘ttacked  from  the  outsitle. 

tlepends  on  the  length' of^tiin'e  fells 

.ibifo  escapeil  before  iJ^It  “e  l ‘T  P^iffeatic 

«aminatik  tva  ^110^  at  ‘''"'I  ’ for 

oreatic  secretion  s tronl  tl"'’"''fl  "''■'o  “>0  pan- 

'■'"'■■in  may  be  formed  nmr:  ^r  alu'i'mt'ifdr^Vai:;’:,:^^^^^ 
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leukocytes  surround  the  necrotic  fat-cells  and  gradually  incorporate 
the  fat  iiixxlucts.  The  leukocytes  ar(‘  often  lined  up  around  the 
necrotic  fat -ceils  in  such  orderly  fashion  as  to  resemble  cubical  epi- 
thelial cells,  and  have  often  been  mistaken  for  regenerating  fat- 
cells.  Occasionally  they  fuse  to  form  foreign  body  giant-cells. 

In  time  the  endothelial  leukocytes  and  also  the  lymphocytes 
and  occasional  eosino])hiles  attracted  into  the  inflammatory 
])rocess,  disappear  and  the  proliferated  connective-tissue  cells  and 
their  filirils  contract  into  scar  tissue.  This  is  one  way  in  which, 


Fig.  396. — Pancreas.  Acute  i)ancreatitis  with  extensive  necrosis  of  fat  and 
gland-tissue.  The  blood-vessels  are  also  involved.  AI. 


if  the  pathologic  iwocess  has  been  at  all  extensive  and  diffuse, 
sclerosis  of  the  pancreas  may  arise. 

Acute  pancreatitis  is  a serious  and  often  fatal  process,  hat 
necroses  on  the  other  hand  are  of  themselves  of  little  significance. 
They  usually  occur  in  small,  sharply  defined  foci  one  to  three 
millimeters  in  diameter  and  may  resemble,  to  some  extent,  miliary 
tuliercles  or  minute  metastases  of  a carcinoma.  They  may  occur 
in  and  around  the  pancreas  or  be  scattered  here  and  there  through- 
out the  peritoneal  cavity  and  have  even  been  found  within  the 
thorax.  Less  often  the  foci,  especially  in  and  near  the  pancreas, 
are  much  more  extensive. 

Toxic  necrosis  of  the  ])ancreas  and  of  fat-cells  occurs  most 
often  in  fat  p(;ople  and  in  thos(;  afflicted  with  gall-stones. 
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Fig.  397. — Pancreas 


pancreatitis  in  stage  of  ren? 
leukocytes  at  edge  of  necrotic  tissue.  M. 


Endothelial 


Fig.  39S.  Fat  necrosis  in  mesentery. 


Fibrin  on  surface.  M. 
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Lesions  of  Infectious  Origin.  Infectious  lesions  of  the  pan- 
creas are  comparatively  rare.  Bacteria  may  reach  the  organ  by 
direct  extension  from  lesions  in  the  neighborhood,  or  through  the 
]iancreatic  duct,  especially  if  more  or  less  obstruction  is  jiresent, 
or  through  the  Idood-vessels  as  the  result  of  a septicemia.  The 
injury  and  inflammatory  reaction  may  appear  in  the  form  of  a 
diffuse  process  or  as  an  abscess.  Infection  sometimes  complicates 
pancreatitis  of  toxic  origin. 

Tuberculosis  in  the  acute  miliary  form  is  not  particularly  rare 
if  looked  for,  l)ut  chronic  tuberculosis  is  fairly  uncommon. 

In  congenital  syphilis  the  diffuse  interstitial  type  of  lesion  is  the 
more  common;  in  the  acquired  form  gummas  occasionally  occur. 


Fig.  399. Fat  necrosis.  Endothelial  leukocytes  filled  with  fat-droplets 

around  necrotic  fat-cells. 

Sclerosis.— The  three  types  of  lesions  just  described,  mechan- 
ical, toxic  and  infectious,  may  all  terminate  in  sclerosis  of  the 
pancreas.  To  determine  from  the  end  result  the  way  in  which  it 
arose  may  be  difficult  or  impossible.  Perhaps  in  time  the  analysis 
of  a considerable  number  of  lesions  in  various  stages  of  develop- 
ment may  render  this  feasible.  At  present  it  is  well  to  bear  the 
possibilities  in  mind. 

Tumors.-  The  islets  of  the  pancreas  vary,  not  only  in  number 
but  also  in  size.  They  are  usually  round,  but  may  be  oval  or 
elongated.  Occasionally  single  islets  may  measure  one  or  two  or 
even  up  to  four  or  five  millimeters  in  diameter.  The  large  islets 
are  firobably  to  be  classed  as  adenomas. 
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Tlie  most  coninioii  and  imiwrtant  tumor  is  tlie  ,.arcin,.in.. 
It  starts  most  Often  in  the  lieacl.  and  is  usually  scirrhous  in  ty 
oecasionaliy  ,t  ,s  medullary  an.l  may  attain  a considerable  size’ 
I he  cells  <lo  not  show  any  of  the  characteristics  peculiar  to  the 
cells  of  he  pancreas.  In  one  instance  the  cancer  grew  hr  lin^ 
form  and  the  cells  were  ciliated  ^ ^ 

Physiologic  Pathology.-The  pancreas  manufactures  an  ex- 
I)hysiolollcany.”^^^^'^*^^  secretion.  Each  is  of  much  importance 

Tire  external  .secretion  is  produced  by  the  acinar  cells  and 


Fig.  400. 


■Pancreas 
in  center. 


rvira  P‘‘^ncreatitis  in  stage  of  repair  Aren 

ConsKlerabie  moror^e  of  flbroS,  tissuTSeWrosLi. 


Area  ot  necrosis 




The  inter  V rl  . ^^^g^^^ive  functions, 

directly  into  the  ciraihEoV'^  It 
esxternal  secretion  for  the  following  reTsoir'' 

hydrates  are  ^bumtn^^^^  nornial  conditions  ingested  carbo- 

two  glycol>dic  bodies  one  Droih'^^l^^  +T  combined  action  of 

as  the  internal  secretion  of  th^TsleTs  in  the^^^^ 

34  ^ the  jiancreas.  If  the 
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protliiction  of  the  glycolytic  body  iiroduced  liy  the  pancreas  is 
interfered  with,  glycosuria  results,  and  glycosuria  is  the  most 
characteristic  sym})toni  of  the  constitutional  disease  known  as 
diabetes  inellitus.  If  the  cells  of  the  islets  are  injured  or  destroyed 
no  ferment  is  produced. 

The  exact  relation  of  the  pancreas  to  glycosuria  and  to  diabetes 
is  not  yet  fully  understood.  Careful  study  of  the  ]iancreas  from 
many  cases  of  diabetes  shows  that  in  many  of  them  the  islets  have 
been  more  or  less  completely  destroyed,  but  they  also  show  that 
in  many  other  instances  no  demonstrable  change  is  present. 
According  to  F.  M.  Allen  every  anatomic  hypothesis  of  diabetes 
still  requires  to  be  assisted  liy  assuming  the  existence  of  a certain 
l^roportion  of  functional  cases  without  known  anatomic  basis. 

Experimental  Work. — Much  experimental  work  has  been  done 
on  the  pancreas  in  animals.  Some  of  the  results  obtained  are  briefly 
summarized  here  from  Allen’s  recent  monograph  on  the  subject. 

1.  Total  extirj^ation  of  the  ])ancreas  is  followed  by: 

(а)  Great  increase  of  nitrogenous  loss. 

(б)  Increased  fat  metabolism. 

(c)  Rajiid  cachexia. 

(d)  Poor  absorption  of  food. 

(e)  Lowered  power  of  wound  healing  and  resistance  to 

infection. 

(/)  Complete  inability  to  utilize  dextrose. 

{(j)  Diabetes  gravis. 

2.  Extirpation  of  about  nine-tenths  of  the  pancreas  leaving 
the  remnant  in  communication  with  the  duct  is  followed  by  dia- 
betes which  is  relatively  mild  and  apjiarently  functional  at  first 
with  no  visible  changes  in  the  islets.  In  a few  animals  the  con- 
dition is  transient.  Regeneration  of  acini  and  islets  occurs  and  is 
followed  by  complete  recovery.  In  the  majority  of  the  animals 
there  is  little  or  no  regeneration  although  they  are  curable  at  first 
I)y  the  simple  expedient  of  tying  off  the  duct.  If  this  is  not  done 
the  diabetes  persists  and  increases  with  time  until  there  is  a com- 
plete inability  to  utilize  dextrose.  Examination  of  the  pancreas 
shows  steadily  progressive  degenerative  changes  which  involve 
all  the  islets  and  are  typical  for  diabetes,  namely; 

(а)  A loss  of  cells. 

(б)  Deficiency  of  cytoplasm  of  many  of  the  ])crsisting  cells. 

(c)  Degenerating,  occasionally  naked  nuclei. 

(d)  Later  all  islets  disappear. 

(e)  Acini  all  well  preserved. 

The  visible  changes  in  the  islets  correspond  to  the  duration 
and  severity  of  the  diabetes. 

These  cell  changes  in  the  islets  are  unquestionably  to  be  re- 
garded as  the  result  of  the  diabetes,  not  the  cause  of  it. 
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It  has  always  been  difficult  to  correlate  the  lesions  found  by 
the  pathologist  with  clinical  observations  and  urinary  analyses. 
The  difficulty  lies  in  the  lack  of  a common  ground  for  comparison. 
The  pathologist  takes  into  account  all  the  lesions  in  a kidney, 
both  active  and  healed;  the  latter  may  give  rise  to  no  clinical 
symptoms  and  to  no  urinary  changes.  The  clinician  and  the 
chemist,  on  the  other  hand,  take  into  account  only  the  lesions 
which  cause  symptoms  and  urinary  changes;  in  addition,  they 
recognize  functional  disturbances  which  a ])athologist  is  unalile  to 
do.  It  is  evident,  however,  that  reform  must  come  first  from  the 
pathologist.  He  must  furnish,  so  far  as  possilile,  a clear-cut 
mor])hologic  basis  on  which  the  clinician  and  chemist  may  build. 
This  fundamental  morphologic  basic  work  has  not  yet  been  satis- 
factorily performed. 

General  disturbances  of  nutrition,  such  as  anemia,  and  tox- 
emias of  all  kinds  tend  to  affect  all  the  renal  units  to  about  the 
same  degree.  The  result  is  more  or  less  uniformly  distributed  or 
diffuse  lesions  throughout  the  kidney,  although  sometimes  certain 
units  are  much  more  affected  than  others.  When,  however, 
infectious  agents  such  as  the  staj^hylococcus  pyogenes  aureus  are 
brought  to  the  kidney  and  distributed  according  to  the  laws  of 
chance,  the  result  is  focal  lesions  which  may  become  the  centers 
of  extensive  pathologic  processes. 


Retrograde  Changes 

Postmortem  changes  a]:>])ear  com]:)aratively  early  in  the  kidney 
and  on  this  account  it  is  es]XH*ially  imiiortant  to  recognize  them. 
They  are  evident  first  in  the  convoluted  tubules  and  are  fairly 
definite  and  characteristic. 

The  first  noticeable  change  is  that  the  nuclei  stain  uniformly 
and  deeply;  then  a little  later  they  do  not  stain  at  all  and  the  cells 
often  begin  to  desquamate.  The  cytoplasm  of  the  cells  may  stain 
more  deeply  than  is  usual  with  eosin  and  the  albuminous  granules 
may  appear  increased  in  number.  It  is  difficult  to  determine  this 
latter  point  with  certainty. 

These  postmortem  appi'arances  have  frequently  been  mistaken 
for  antemortem  changes  and  the  condition  diagnosed  as  marked 
tubular  nephritis,  although  the  kidney  showed  no  evidence  of  any 
reaction  to  such  an  extreme  injury. 

Albuminous  Granules.—  The  cyto]:)lasm  of  renal  e]iithelium  is 
normally  finely  granular,  owing  to  the  presence  of  albuminous 
granules.  Tliese  granules  are  most  numerous  in  the  eiiithelial 
cells  lining  the  convoluted  tubules,  and  fewest  in  those  lining  the 
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coll6ctiiig  tubiilGs,  GS])cc*iiilly  in  tliG  ])yra.iiii(ls.  To  jirovG  coii- 
clu.sivGly  wliGtliGr  or  not  an  actual  incroasG  in  tliG  iiunibGr  of  those 
granuiGS  takos  placG  iinclGr  cortain  jiathologic  conditions  is  not 
an  easy  matter.  An  incroasG  or  diminution  is  not  of  much  sig- 
In acute  tubular  nephritis  the  granules  are  sometimes  much 
coarser  than  normal  and  show  various  stages  of  change  into  colloid 
droplets.  In  the  amyloitl  kitlney  the  granules  often  disappear  to 
a large  extent,  while  at  the  same  time  the  cells  swell  and  are  filled 
with  fine  to  coarse  hyaline  or  colloid  drojilets. 

Hydrops  and  Edema.— An  accumulation  of  fluid  within  the 
cystopiasm  of  cells  is  termed  hydrops,  between  cells  and  fibrils 
and  within  natural  cavities  edema. 


nr^ri  NoFmal  convolutod  tubule  showing  ciliated  borrler 

due  of 


Hy<li'ops  of  renal  cells  unquestionably  occurs,  but  the  vacuoles 
It  forms  cannot  be  recognized  for  certainty  without  ruling  out  the 

presence  of  fat  l>y  appropriate  staining  methods.  Its  significance 
IS  probably  not  great. 


The  presence  of  edema  is  much  more  definitely  shown  by 

f ®Pa“s,  and  by  the  separation  of 

the  tilirils  and  other  mtertubnlar  structures. 

Colloid.-Colloid  frequently  makes  its  appearance  in  the  form 

^he^onn"^'^'l  ?V'l  of  the  epithelial  cells  lining 

voluteci  tubules  and  the  capsular  spaces  in  a variety  of 
acute  and  chronic  processes. 

Colloid  is  not  a definite  chemical  substance  with  a specific 
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Fig.  402. — Kidney.  Edema  of  tul)ules.  M. 


Fig.  40d. — Kidney.  Hyalin  in  epithelial  cells  lining  some  of  the  tubules 
Tills  variety  stains  deejily  with  acid  dyes.  M. 
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reaction,  bonietinies  it  stains  intensely,  at  other  times  lightly, 
with  all  gradations  Ix'tween.  At  times  it  is  stained  by  basic,  more 

often  by  acul  dyes.  It  is  recognized  by  j)hysical  rather  than  by 
cheimcal  peculiarities. 

Its  relation  to  the  albuminous  granules  is  not  easy  to  determine- 
sometimes  it  seems  to  arise  directly  from  them  by  swelling  ami 
hyaline  transformation;  at  other  times  the  hyaline  droplets  seem 
to  arise  between  the  albuminous  granules.  One  thing  is  certain- 
the  cells  containing  the  colloid  are  greatly  enlarged;  something 
has  been  added.  This  something  may,  however,  be  only  fluid. 


z ; *v 


-•  ■ ' . -Avu-. 

\ - ‘ ..  Vy-  '■ 


Fig.  404.  Kidney.  Multiple  concretions  in  a small  cyst.  xM. 

pie  larger  collmtl  droplets  are  proliably  due  to  fusion  of  smaller 
ones,  not  to  individual  growth. 

Occasiomilly  small  cysts  occur  Hlled  with  corpora  amylacca 
probably  derived  from  colloid  material. 

d he  appearance  of  colloid  in  renal  cells  is  of  much  significance 
ecause  it  represents  a marked  retrograde  change.  It  occurs  most 
ei  and  abundantly  m connection  with  acute  tubular  nephritis 
ncphri^;'"'^  formation;  to  a less  extent  in  the  other  forms  of 

Fat.  Fat  is  not  present  in  visible  form  in  renal  cells  undpr 
nonnal  conditions.  Its  appearance  there  is,  tlierefore,  of  ctn™£ 
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able  ini]iortanee  because  it  signifies  a definite  retrograde  change. 
Its  presence  is  the  best  guide  we  have  for  revealing  interference  of 
some  kintl  or  other  with  the  normal  activity  of  cells. 

Fat  appears  in  the  kidney  as  the  result  of  diminished  nutrition 
or  because  of  injury  done  by  toxins.  Thus  in  general  anemia  fat 
may  be  present  in  the  greatest  abundance  evenly  distriliuted  in  all 
the  epithelial  cells  of  the  convoluted  tubules.  Under  favorable 
conditions  it  is  comieivablc  that  all  this  fat  might  slowly  disajipear 


Fig.  40.5. — Amyloid  infiltration  of  the  glomerular  tufts  and  of  the  arteries  in 

the  kidney.  M. 


and  recovery  take  place.  When  the  nutrition  of  the  kidney  is 
interfered  with  in  various  situations  as  the  result  of  lesions  in  the 
blood-vessels,  as  in  vascular  nephritis,  fat  apjiears  often  only  in  the 
foci  affected  and  is  usually  abundant  in  the  lilood-vessel  walls  as 
well  as  in  the  epithelial  cells.  In  the  various  forms  of  nejihritis 
due  to  toxins  the  amount  of  fat  in  the  renal  cells  varies  within  wide 
limits  and  may  be  very  unevenly  distributed,  although  as  a 
rule  the  cells  of  the  convoluted  tul)ules  are  more  seriously 
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otfiers.  Sometimes  miieh  fat  is  ])resent  in  the 

Amyloid  —Amyloid  is  seereted  in  the  kidney  usually  first  in 
le.  Mails  of  the  smaller  arteries  and  in  the  glomeruli.  Later  it 
appears  m the  wal  s of  the  veins  and  may  oeeur  more  or  less  ex- 
tensively around  the  tubules.  EveryvLere  it  lies  in  the  closest 
re  a loii  mi  n the  cells  and  fibrils  of  the  connective  tissue  often 
Mdiere  they  are  near  the  lining  endothelium  of  blood  vessels  Imt 
by  no  means  necessarily  so.  ’ 

In  the  g-lomerulus  amyloid  usually  aiipears  first  in  the  afferent 
vesse  and  then  in  the  Madls  of  the  larger  caiiillaries  of  the  tuft. 


Fig.  406.-Kidney.  Amyloid  formation.  («)  In  lobule  of  glomerular  tuft  • 

around  tubides  chiefly.  ’ ’ 


nil  +1  * ^ ^ thickening  spreads  and  increases  until 

all  the  e.ap,  lanes  are  involved.  ( )ften  the  afferent  vessel  and  some 
the  tapillaries  are  considerably  dilated  in  the  early  stuim^  nf  +) 
process.  The  amyloid  formation  leads  to  nltLlt  X > t 

h,id  T'"  f lolmlation.  As  the 

! ‘ 1+  increases,  the  lumina  of  the  capillaries  aro  n 

and  no  thrombi  are  formed  withhi  fheil""' 

t the  same  time  tliat  amyloid  is  being  secreted  in  the  nails 
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of  the  cajiilhiries  of  the  tuft,  it  is  heinji;  formed  in  the  blood-vessels 
elsewhere  in  the  kidney.  The  arteries  usually  show  the  change 
before  the  veins.  In  the  smaller  vessels  the  whole  wall  is  affected 
and  is  transformed  into  a thickened  hyaline  tube,  from  which  the 
normal  elements  have  disappeared  as  the  result  of  ])ressure  atrophy. 
In  the  larger  arteries  amyloid  is  sometimes  most  abundant  in  the 
intirna,  which  becomes  thickened;  at  other  times  in  the  muscle 
coat,  where  the  gradual  disappearance  of  the  muscle-cells  can  be 
followed. 

In  the  smaller  veins  the  whole  wall  is  transformed  into  a hya- 


line tube  of  amyloid  which  gradually  encroaches  on  the  lumen  and 
finally  occludes  it.  This  change  is  most  marked  in  the  pyramids 
of  the  kidneys,  but  may  affect  also  many  of  the  vessels  in  the 
cortex. 

When  amyloid  secretion  in  the  kidney  is  abundant  it  may  grad- 
ually form  also  in  the  connective  tissue  around  the  tulniles,  and  less 
commonly  around  the  capsular  spaces  and  lead  to  much  thickening 
around  these  structures. 

Tubule.^. — While  amyloid  is  being  formed  in  the  glomeruli  and 
blood-vessels,  certain  changes  take  place  in  the  tubules.  The  e])i- 
theliiim  in  many  of* the  convoluted  tubules  becomes  swollen  from 
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imbilution  of  fluid  so  that  its  c‘yto])lasni  aj)j)ears  la(*e-lik(',  owiii^i; 
to  the  seiiaration  of  tlie  albuminous  granules  and  their  arrang(unent 
around  vacuoles.  This  condition  seems  to  prec('de  the  formation 
of  hyahn  which  ajijiears  as  faint  droplets.  The  hyaline  droplets 


J 


\.z 


Fig.  408.  Kidney.  Amyloid  formation  in  glomerular  tuft. 


u little  1 ^ in  density  so  that  they  tend  to  stain 

A little  deeper  with  acid  dyes  than  at  first.  As  the  hyaline  drop- 
lets increase  in  number  and  size  the  cells  filled  with  them  become 
much  enlarged  and  project  into  the  tubule  which  they  line 
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In  Other  places  some  of  the  tiilmles  become  dilated  ami  tb 
mins  epiflie  , urn  correspondingly  thinneil,  owing  to  pressure 
. lany  of  the  tubules  contain  Huid,  circular  reticulum  and  much 
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granular  material.  Oeeasionally  an  epithelial  cell  filled  with 
hyalin  desquamates,  or  ruiitures  and  allows  the  escape  of  the 
droplets  into  the  lumen.  All  these  materials  gradually  fuse  into 
h}Tiline  casts  which  are  often  ahundant  in  the  collecting  tubules 
of  the  ]iyramids. 

When  amyloid  forms  in  abundance  around  the  tubules,  the 
epithelial  cells  lose  their  differentiated  character,  and  graduall}" 
atro]:)hy  and  disapjiear  just  as  liver  cells  do  in  the  presence  of 
amyloid. 

The  relation  of  the  jiroduction  of  colloid  in  the  epithelium  of 


Fig.  410. — Kidney.  Hyalin  in  epithelial  cell  lining  a tubule.  Thi.s  variety 

stains  faintly.  Al. 

the  tubules  to  the  formation  of  amyloid  in  the  glomeruli  is  not 
evident,  but  there  probably  is  one,  because  more  colloid  is  formt'd 
in  the  epithelial  cells  in  the  amyloid  kidney  than  in  connection  with 
any  other  lesion  affecting  the  organ. 

Gross  Appearances. — The  amyloid  kidney  in  its  earlier  stages  is 
ustially  enlarged  and  may  weigh  more  than  doulde  wluit  it  does 
normally.  This  increase  in  weight  is  evidently  not  due  entirely 
or  even  largely  to  the  amyloid,  but  to  the  fluid  and  colloid  in  the 
tubules.  This  is  shown  by  the  fact  that  in  the  late  stages  of  the 
process  when  the  kidneys  sometimes  show  an  extreme  degree  of 
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amyloid  deposit  they  may  weigh  but  little  more  than  half  what 
they  should. 

Amyloid  formation  frequently  complicates  other  lesions  of  the 
kidne}%  esiiccially  vascular  nephritis  (arteriosclerosis)  and  giom- 
erulo-nephritis,  and  is  itself  sometimes  complicated  by  an  ascend- 
ing infectious  nephritis. 

Terminalion. — It  is  not  easy  to  determine  with  certainty  the 
effect  which  the  presence  of  amyloid  in  the  glomerular  tufts  and 
elsewhere  exerts  on  the  kidney.  Certainly  in  the  advanced  stage 
of  the  process  the  tubules  atrophy  and  disap])ear  to  a large  extent 
and  the  kidney  shrinks  in  size  and  is  sclerosed.  The  amyloid  may 
act  mechanically  only  as  it  does  in  the  liver,  or  interfere  with  the 
elimination  of  ceitain  substances  from  the  blootl  which  thereby 
become  injurious  agents. 

Toxic  Nephritis 

Toxins  cind  Poisons.  Toxic  nephritis  is  usually  due  to  toxins 
derived  from  infectious  agents,  although  inorganic  and  other 
ixiisons  sometimes  jxoduce  serious  lesions  in  the  kidney. 

The  toxins  of  infectious  origin  which  most  commonly  affect  the 
kidney  are  those  derived  from  the  streptococcus  p^mgenes,  the 
diplococcus  lanceolatus,  the  gonococcus,  the  dijihtheria  bacillus, 
the  causal  agent  of  scarlet  fever,  etc.  The  toxins  reach  the  kidney 
through  the  circulation  and,  therefore,  are  ordinarily  more  or  less 
uniformly  distributed  throughout  it. 

I he  toxins  may  arise  from  a septicemia,  but  usually  originate 
in  a focal  lesion  elsewhere  in  the  body,  commonly  an  endocarditis, 
less  frequently  a pneumonia,  a pleuritis,  or  some  other  infectious 
process  not  so  intimately  associated  with  the  circulating  blood. 
Ihe  requirements  outside  of  septicemias  are  two,  a focal  lesion 
v here  much  toxin  is  produced  and  a toxin  which  is  soluble  and 
diffusible  so  that  it  may  be  taken  into  the  circulation.  ]\Ioreover, 

the  toxin  must  be  of  a nature  to  affect  the  kidney;  not  all  diffusible 
toxins  do. 

ihe  inorganic  substances  which  injure  the  kidney  may  be  in- 
gested accidentally  (lead),  or  with  suicidal  intent  (corrosive  sub- 
limate, cantharadin) . 

The  toxins  which  injure  the  kidney  may  be  strong  and  act  in- 
tensely for  a few  days  only,  causing  death  quickly,  or  they  may  be 
weak  and  a(*t  mildly  for  days,  weeks,  months  or  years.  We  inav 
accordingly  have  acute,  subacute,  or  chronic  lesions.  We  may  alVo 

liave  recurrent  injuries  with  regeneration  and  repair  in  the  inter- 
vals. 

Classification.—ThG  toxic  lesions  of  the  kidney  are  best  classi- 
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fiod  on  an  anatomic  basis,  i.  e.,  according  to  the  part  of  the  renal 
unit  most  affected.  This  classification  gives  four  groups  which 
form  the  type  lesions;  they  are  as  follows: 

1.  Tubular  nephritis. 

2.  Caj^sular  glomerulonejiliritis. 

3.  Intracapillary  glomerulonephritis. 

4.  \Tscular  nejihritis  (arteriosclerosis). 

Each  one  of  these  varieties  may  occur  practically  in  pure  form, 
but  the  first  three  may  be,  and  often  are  combined  in  varying  ])ro- 
portions.  Whether  the  first  three  can  be  recognized  clinically  as 
three  distinct  types  is  doubtful.  While  usually  acute,  they  also 
occur  in  .subacute  and  chronic  form;  vascular  nephritis  is  always 
chronic. 

Tubular  Nephritis.— The  term  tubular  nephritis  is  used  when 
degeneration  and  necrosis  of  the  renal  ejiithelium  occur  as  the  result 
of  the  action  of  diffusible  toxins  excreted  through  the  kidneys. 
The  lesion  is  limited  almost  exclusively  to  the  cortex  and  involves 
chiefl\  the  cells  lining  the  convoluted  tubules.  The  lesion  niay  be 
extensive  and  diff'use  or  occur  in  small  scattered  foci.  It  may  exist 
by  itself  or  coni])licate  the  different  forms  of  glomerulonephritis. 
Necrosis  of  e]fithelial  cells  in  connection  with  the  infectious  lesions 
of  the  kidney  will  be  considered  later. 

1 ubular  nephritis  may  be  caused  by  a variety  of  toxins  and 
fioisons,  so  that  the  resulting  inflammatory  reaction  is  not  alwa^^s 
the  same.  In  rare  instances  the  toxin  is  strong,  acts  quickly,  and 
causes  extensive  necrosis  of  nearly  all  the  epithelial  cells  lining  the 
convoluted  tubules.  The  liimina  become  filled  with  the  necrotic 
desquamated  cells  which  attract  polymorphonuclear  and  endo- 
thelial leukocytes  in  varying  numliers.  Sometulniles  contain  serum 
and  networks  of  fibrin.  In  addition  there  may  be  some  edema  and 
lymphocytic  infiltration  of  the  connective-tissue  stroma.  Regen- 
eration of  epithelium  from  the  cells  not  killed  is  very  active.  ]\Ii- 
totic  figures  are  often  numerous.  The  first  cells  formed  are 
stretched  out  very  thin  to  cover  th(‘  walls  of  the  tubules.  Later 
the  cells  thicken  up  and  gradually  become  differentiated  like  their 
jiredecessors. 

hen  the  necrotic  cells  occlude  the  tuliules  they  cannot  be 
washed  out,  l)ut  are  incorporated  ])iecemeal  by  the  leukocytes  and 
often  also  liy  the  newly  formed  epithelial  cells. 

Lesions  of  this  severe  type  commonly  occur  only  after  strong 
poisons.  In  the  case  pictured  they  followed  abortion,  jierforation 
of  the  uterus,  and  streptococcus  peritonitis.  The  kidneys  were 
but  little  enlarged  anil,  macroscopically,  were  not  iiarticularly 
striking.  If  the  patient  had  survived  the  kidneys  evidently 
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Fig.  411.  Kidiioy.  lubular  nephritis.  Necrotic  desquamated  epithelial 
cells  being  dissolved  by  endothelial  leukocytes. 


Fig.  412.— Kidney.  Acute  tubular  nephritis.  Tubules  filled  with  tip 

‘^'Sonoration  occurrins  on  tho  tubular 
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could  have  been  restored  to  the  normal  condition  as  shown 
by  the  active  regeneration  of  the  tubular  epithelium.  Similar 
lesions  although  rarely  so  extensive  follow  poisoning  with  corro- 
sive sublimate. 

The  more  common  form  of  this  lesion  is  less  acute  and  extensive 
so  far  as  necrosis  is  concerned,  but  the  inflammatory  reaction  is 
usually  much  more  marked;  in  fact,  it  often  more  or  less  com- 


rig.  41.3. — Kidney.  Corrosive  sui)limate  j)oisoning.  Some  of  the  tu- 
bules contain  nccn)tic  desquamated  epithelial  cells  which  are  being  surrounded 
and  digested  by  endothelial  leukocytes.  M. 


pletely  masks  the  primary  injury,  especially  if  the  process  is  seen 
in  tlie  later  stages  of  repair. 

This  form  of  tubular  nephritis  follows  such  acute  diseases  as 
scarlet  fever,  diphtheria,  typhoid  fever  and  measles.  It  does  not 
occur  early  in  such  a disease,  but  only  after  ten  days  to  several 
weeks.  It  is  characterized  by  hydropic  and  hyaline  change  and 
by  necrosis  of  the  epithelial  cells  lining  the  convoluted  tubules, 
rhe  necrosis  is  rarely  extensive  in  any  one  place.  It  is  moderate 
in  degree  ami  more  or  less  scattered.  But  the  ]irocess  of  degen- 
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eration  and  necrosis  is  contimions  for  some  time.  On  this 
aeconnt  the  infiammatory  reaction  is  usually  j)rominent.  It  con- 
sists ol  serum,  fibrin,  and  polymorphonuclear  and^  endothelial 
leukocytes  within  the  tubules  which  are  often  considerably 
dilated.  Hyaline  casts  are  also  frequently  present.  In  addition 
the  mtertubular  tissue  is  infiltrated  with  numerous  lymjihocytes 
including  plasma  cells  and  often  also  with  small  numbers  of  endo- 
the  ial  leukocytes  and  an  occasional  eosinophile.  The  infiltration 
with  lymphocytes  is  usually  the  most  prominent  and  character- 
istic  feature  of  the  lesion.  On  this  account  the  term  acute  inter- 
stitial non-supimrative  nejihritis  has  been  applied  to  it. 

Certain  additional  ]ioints  in  coimec- 
tion  Avith  this  ty])e  of  tubular  ne])hritis 
deserve  mention. 

The  toxin  which  causes  it  seems  to 
pass,  in  part  at  least,  through  the  glom- 
eiulus  (usualK’’  without  affecting  it  in- 
juriously) because  the  epithelium  at  the 
beginning  of  the  tubule  and  often  within 
the  capsular  space  is  lifted  up  by  a very 
active  immigration  of  polymorphonuclear 
leukocytes. 

When  the  lining  ejfithelium  of  a tubule 
is  desti  oyed  and  the  lumen  is  distended 
and  filled  vith  endothelial  leukocytes,  an 
ajijAeai  ance  resembling  a beginning 
tubercle  is  j^resented.  Sometimes  poly- 
morphonuclear leukocytes  collect  instead 
in  the  same  location.  The  hj^aline  casts 
Avithin  the  tubules  often  exhibit  a marked 
attraction  for  leukocytes,  as  if  some 
toxin  Avere  contained  Avithin  them. 

Ihe  lymphocytic  infiltration  seems 
to  be  due  to  diffusion  of  a certain  amount 
of  to.xin  in  the  intertubular  tissue  and  to 

absorption  of  it  along  the  lymphatics.  In  the  later  stages  of 
repaii  the  lymphocytes  are  grouped  chiefly  in  and  around  the 
l.Mnphatics  Avhich  accompany  the  blood-vessels. 

f of  a type  of  lesion  corresponding 

tliP  1 ‘ ? fliffiise  necroses  sometimes  occurring  in 

PP,  t V^ose  same  diseases,  and  also  corresponding  to  the 

central  and  focal  necroses  of  toxic  origin  in  the  liver;  a necrosis  of 

irV'^Tl  cells  Avith  little  or  no  apparent  in- 

J in  to  the  surrounding  endothelial  cells  and  fibroblasts  which  are 
leiefoie,  left  intact.  The  necrotic  cells  are  invaded  and  dissolved 
3.5 
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Fig.  414.  — Kidney. 
Corrosive  sublimate  jAois- 
oning.  Tubule  contains 
desquamated  necrotic  epi- 
tlielial  cells  and  poly- 
morjihonuclear  and  en- 
dothelial leukocytes. 
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b}'  the  action  of  polymor])hoiiucloar  and  endothelial  leukocytes. 
The  Slices  formerly  occupied  by  the  parenchymatous  cells  are 
for  a time  filled  with  leukocytes,  and  the  connective  tissue  in  the 
heart  and  kidney  is  infiltrated  with  leukocytes,  lymphocytes  and 
sometimes  with  numerous  eosinophiles.  In  this  active  stage  the 
lesion  resembles  suppuration  owing  to  the  great  number  of  leu- 
kocytes present,  but  there  is  no  solution  of  the  connective  tissue 
and  blood-vessels.  In  the  kidney  and  liver  the  epithelial  cells 
may  and  usually  do  regenerate ; in  the  heart  tlie  muscle-cells  do  not. 
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tig.  41."). — Kidnoy.  Acuto  tubular  nejihritis  occurring  in  scarlet  fever. 
The  tubules  contain  fibrin  and  poh'inorphonuclear  leukocytes.  The  inter- 
tubular tissue  is  infiltrat(!(l  with  numerous  lyin))hocytes  and  also  with  some 
polymorphonuclear  and  endothelial  leukocytes.  M. 

Tulnilar  nephritis  following  dijihtheria,  etc.,  is  sometimes  com- 
plicated by  infectious  lesions  of  the  arteries;  necrosis  of  tlie  wttll, 
fibrin  deposit  within  and  outside  of  the  vessel,  and  infiltration  with 
leukocytes  and  lymjihocytes.  The  two  types  of  lesions  may  over- 
lap, but  should  be  carefully  differentiated  from  each  other. 

hen  these  various  processes  of  exudation  and  regeneration  in 
the  kidney  are  at  all  pronounced  they  are  accomjianied  by  more  or 
less  injection  of  the  blood-vessels,  esiiecially  of  the  smaller  veins  in 
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the  midzonal  region  and  in  the  cortex, 
small  hemorrhages  sometimes  occur. 


Ironi  these  dilated  vessels 
These  veins  often  contain 


Polyrnorplionudpar  and 
Similar  leukocytes  and 


fig.  417. — Kiflnev.  Acute 

smee  Tr  ^nhothelill 

space  at  beginning  of  tubule. 


tubular  nephritis, 
leukocytes  beneath 


Accumulation  of  polv- 
oiMthelium  of  capsular 
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On  gross  examination  the  slight  forms  of  this  lesion  show  noth- 
ing. When  the  process  is  marked,  however,  the  inflammatory 
reaction  leads  to  very  noticeable  enlargement  of  the  kidneys  which 
are  sometimes  two,  three  and  even  four  times  the  normal  size. 
A\'hen  the  capsule  is  incised  it  may  separate  spontaneously  from 
the  surface.  If  the  lesions  are  focal  they  may  appear  on  section  of 
the  kidney  as  greyish  streaks  and  areas  situated  in  the  cortex  and 
midzonal  region  and  surrounded  liy  injected  blood-vessels,  ^\hen 
the  process  is  extreme  and  diffuse  the  cortex  is  swollen,  soft,  almost 


Fig.  418.— Kidney.  Acute  capsular  glomerulonephritis  complicated  by  hem- 
orrhage. M. 

diffluent  and  presents  a mottled  combination  of  grey  and  red;  the 
normal  markings  are  completely  obscured. 

This  type  of  lesion  is  found  most  commonly  in  children  from 
three  to  five  years  of  age,  but  may  occur  at  an  earlier  or  later  period 

of  life.  . 

Experimental— Tuhuhir  nephritis  in  varying  degrees  of  in- 
tensity may  be  produced  experimentally  by  a number  of  different 
chemical  siibstances,  such  as  uranium  nitrate,  for  instance.  It 
may  be  produced  in  the  rabbit  by  large  doses  of  purgatin. 
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Capsular  Glomerulonephritis. — Tliis  term  is  ap])liod  to  an  iii- 
flaminator}'  reaction  to  toxins  taking  j)lace  within  the  ca]:)sular 
space  around  the  glomerulus.  The  reaction  ina}'  consist  of  several 
diflerent  elements,  of  an  exudation  of  serum  containing  albumin,  of 
an  immigration  of  i)olymor])honuclear  and  endothelial  leukocytes, 
ami  of  a proliferation  of  the  epithelial  cells  lining  the  capsular  sj)ace. 
This  reaction  may  be  complicated  by  hemorrhage  or  by  the  forma- 
tion of  fibrin.  According  as  one  element  or  another  predominates, 
tie  teims  exudative  or  proliferative  capsular  glomerulonephritis 


Fig.  419— Kidney  Acute  cap.sukr  glomerulouf 
morphomielear  leukocyte.s  in  the  somewhat  dilat 


fiioineruioiiepiintis.  X uim 
('d  capsular  spa 


polv- 

M. 


a e used.  hen  hemorrhage  occurs  it  is  usual  to  say  acute  hem- 
orihagic  neiihritis  without  reference  to  the  real  lesion  which  under- 
lies It.  Ihe  various  types  of  reaction  deiiend  on  tlifferences  in  the 

strength  of  the  toxins  brought  to  the  glomerulus  and 
excreted  from  it. 

Exudative  T/ype.— When  the  reaction  is  exudative  the  fluid 
poition  for  the  most  part  flows  away  with  the  urine.  Onlv  the 
fllmn  which  forms  out  of  it  and  the  cellular  elements  tend  to  re- 
main. Ihe  capsular  space  is  usually  more  or  less  widely  dis- 
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tended,  and  the  epithelial  cells  lining  the  parietal  wall  and  covering 
the  tuft  occasionally  contain  hyaline  dro])lets,  similar  to  those 
which  occur  so  frequently  in  the  cells  of  the  tubules.  Within  the 
dilated  capsular  space  polymorphonuclear  leukocytes  may  be 
present  in  small  to  large  numbers  according  to  the  activity  of  the 
reaction.  Many  of  these  leukocytes  pass  into  the  tubules  where 
some  of  them  may  undergo  necrosis  on  their  way  to  the  pelvis  of 
the  kidney.  Endothelial  leukocytes  are  found  in  the  exudation 
only  in  very  small  numbers;  occasionally  one  of  them  will  contain 
in  its  cyto])lasm  a polymor])honuclear  leukocyte.  Fibrin  may 
occur  as  a delicate  meshwork  or  in  dense  hyaline  masses. 


Fig.  420. — Kidney.  Acute  lieinorrhagic  nephritis.  Red  l)lood-eorpn.scles 
and  fibrin  within  capsidar  space  and  beginning  of  tubule.  Serum  and  fibrin 
in  an  adjoining  tubide.  M. 

Both  kinds  of  leukocytes  emigrate  chiefly  from  the  ca]iillaries 
of  the  tuft,  but  occasionally  come  from  the  vessels  outside  of  the 
capsules.  To  find  a leukocyte  migrating  into  the  capsular  s]tace 
from  either  source  is  difficult  unless  the  tissue  is  fixed  very  quickly 
postmortem. 

Lymphocytes  and  eosinophiles  apparently  are  never  attracted 
into  the  capsular  space. 

The  exudative  type  of  reaction  is  usually  complicated  by  more 
or  less  proliferation  and  desciuamation  of  the  capsular  epithelium, 
both  from  the  ])arietal  wall  of  the  ca])sule  and  from  the  surface  of 
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of  endothelial  leukocyte  into  capsular  space  6 n,  17^^  a,  Emigration 
tion  of  capsular  epithelium-  c epitheliaf^ens  ^ikI  desquama- 

leukocytes  in  capsular  space  ’ ^ ^ ^ P^^^gocytic  endothelial 
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the  tuft.  The  cells  from  the  latter  situation  often  jiresent  a tailed 
aiipearanee,  just  as  the  cells  do  in  the  deeper  layer  of  the  pelvis  of 
the  kidney.  After  desquamation  the  cells  tend  to  assume  a more 
or  less  siiherical  shajie  with  an  excentrically  situated  nucleus,  and 
resemble  endothelial  leukocytes;  but  they  are  smaller,  are  not 
phagocytic  for  other  cells,  and  have  the  peculiarity  of  apphung 
themselves  to  the  surface  of  any  fibrin  formed  in  their  neighlior- 
hood.  These  cells,  like  the  polymorphonuclear  leukocytes,  often 
pass  into  the  tubules,  sometimes  in  large  numbers.  When  nu- 


V 


Fig.  42.3. — Kidney.  Acute  capsular  gloineruloneidiritis.  Numerous 
epithelial  cells  in  dilated  capsular  space  and  in  beginning  of  tubule,  where  one 
mitotic  figure  can  be  made  out  near  its  beginning.  M. 


merous  and  packed  in  the  capsular  space  these  cells  become  flat- 
tened. 

Proliferative  Type. — In  many  cases  of  cajisular  glomeruloneph- 
ritis the  reaction  consists  chiefly  of  proliferation  and  desquama- 
tion of  the  epithelial  cells  lining  the  capsular  s]iace.  Mitotic  fig- 
ures are  found  in  sufficient  numbers  (frequently  two  in  a single 
section  through  a glomerulus)  to  account  for  all  the  cells  formed, 
ddiey  occur  in  cells  lining  the  parietal  wall  and  covering  the  tuft, 
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mid  also  in  all  layers  of  the  masses  of  cells  which  collect  together  as 
the  result  of  desquamation.  These  cells  do  not  proliferate  on  ac- 
count ol  injury  to  other  epithelial  cells  adjoining  them,  as  occurs  in 
tubular  nejihritis  where  simple  regeneration  takes  ]ilace,  but  be- 
cause they  are  needed  to  counteract,  jirobably  by  means  of  the 
production  of  an  antitoxin,  the  toxins  which  filter  through  the 
wall  of  the  tuft.  They  play  the  part  acted  elsewhere  by  the  en- 
dothelial leukocyte.  No  imalogous  reaction,  at  least  to  anything 


disto!i(lod'^?ilh  filoinmilonoi)hritis; 

uisTonutU  and  filled  with  proliferated  epithelial  eells 

present  along  outer  border  of  upper  left  quadrant  m' 


One 


capsular  sjiace 
mitotic  figure 


li^kc  the  same  extent,  on  the  part  of  epithelial  cells  seems  to  occur 
m any  other  part  of  the  body. 

The^  desquamated  cells  «hen  numerous  form  a crescentic 

o the  tuft"  **  thin  «lge  toward  the  base 

of  the  tuft  where  the  vessels  enter  ami  leave,  and  with  the  thickest 

part  usually  opposite  the  besinning  of  the  tubule  which  they  more 
r ess  completely  occlude.  Frequently  the  mass  of  cells  proieets 
or  some  d, .stance  into  the  tubule.  The  cells  when  m™er.ra^ 
l<ai  attened  probably  from  pressure,  although  the  polymor- 
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phonuclear  leukocytes  among  them  iireserve  their  spherical  and 
ameboid  forms. 

Fibrin  is  often  associated  with  these  cells  in  the  form  of 
delicate  fillers  and  sheets  which  run  everywhere  lietween  thenu 
or  as  solid  masses. 


c d 

Fig.  42~). — Kidney.  Capsular  gloinerulonopliritis.  Four  stages  in  the 
deposition  of  collagen  fibrils  between  the  proliferated  ei)ithelial  cells  in  the 
capsular  space. 

It  is  possible  to  conceive  of  the  leukocytes  and  proliferated 
epithelial  cells  disapjtearing  entirely  from  the  capsular  sjiace,  when 
the  purpose  for  which  they  are  collected  there  is  accomitlished,  and 
of  the  glomerulus  rt'gaining  its  normal  function.  As  a rule,  how- 
ever, this  return  to  the  normal  condition  is  prevented  owing  to  the 
formation  of  fibrin.  As  soon  as  fibrin  appears  in  the  cajisular 
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space  it  stimulates  the  fibroblasts  in  the  tuft  and  in  the  capsule 
wherever  it  happens  to  touch  them,  so  that  they  proliferate  ami 
Srow  into  it  and  organize  it  just  as  occurs  elsewhere  in  the  body 
when  fibrin  is  formed.  Collagen  fibrils  take  the  place  of  the  fibrin 
d he  epithelial  cells  which  lined  the  surface  of  the  fibrin  thus  come 
to  line  the  connective  tissue.  In  this  way  the  cajisular  space  may 
be  divided  into  a number  of  small  epithelial-lined  cavities  resem- 
) mg  g ands.  The  process  is  analogous  on  a small  scale  to  what 
takes  place  in  the  pleural  cavity  in  the  organization  of  a fibrinous 


tig.  42(). — Kidney, 
epithelium  on  one  side 
growth  of  fibroblasts. 


Capsular  gloinerulonephritis. 

’ sl'i'iifl-hke  cavities  formed 

i.M . 


Proliferated  capsular 
on  the  other  by  in- 


exudate,  with  tlio  rcsultiiiK  formation  of  solid  and  stringy  fibrous 
adhesions  and  gland-like  cavities.  In  time  the  erathelin  eok" 
more  or  les.s  completely  disappear  and  the  newly-formed  connec- 
tiv^  tissue  contracts,  .squeezing  the  tuft  in  a strangle  hoW  Xli 

lZ?,|feVr'"''l  a>Kl  obliterates  the  capsular  space, 

in  hot  * oaiwiilar  spaces  the  connective  tissue  very  early  grows 
u between  a I the  cells  and  no  glanil-like  cavities  result  wheTT 
ganization  takes  place.  In  still  other  capsular  spaces  the  fibrin  has 
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been  deposited  irregularly  in  masses  so  that  the  resulting  fibrous 
tissue  affects  only  a small  jiart  of  the  capsular  space;  the  rest  is 
normal. 

It  is  difficult  to  state  the  exact  duration  of  the  different  types  of 
reaction  in  the  caiisular  sjiace.  When  the  reaction  consists  chiefly 
of  an  exudation  of  iiolymorphonuclear  leukocytes  the  duration  is  a 
matter  of  days  only.  When  it  consists  of  iiroliferation  of  the  cap- 
sular ei)ithelium  it  is  a matter  of  two  to  several  weeks,  possibly 
longer  in  certain  instances.  The  imjiortant  fact  to  bear  in  mind  is 


Fig.  427. — Kidney.  Capsular  glonierulono])liritis;  late  stage  showing 
ingrowth  of  fibroblasts  and  ])roduction  of  much  collagen.  The  tuft  shows  a 
late  stage  of  the  intracapillary  lesion.  M. 


that  if  the  toxins  requiring  elimination  do  not  kill  the  jiatient  in  the 
early  stage,  the  process  of  re])air  is  very  likely  to  do  so  later. 

W'hile  these  changes  are  taking  place  in  the  cajisular  spaces, 
certain  others  may  occur  in  other  parts  of  the  kidney. 

The  capillaries  of  the  tuft  often  contain  large  numbers  of  leu- 
kocytes, but  this  condition  will  l>e  considered  under  intracaiiillary 
gloin('rulone])hritis. 

The  epithelium  lining  the  convoluted  tubules  may  show  hy- 


FRINAKY  ORGANS 


557 


clro])ic  aiul  colloid  degenoration  and  contain  fat  in  greater  or  less 

abundance.  Occasional!}"  some  ot  the  cells  undergo  necrosis  as  in 
tubular  nephritis. 

1 he  con\oluted  tubiues  are  usually  more  or  less  distended  with 
fluid  and  contain  finely  granular  material  (coagulated  allmmin  as 
the  lesult  of  fixation)  and  delicate  circles.  In  addition,  they  may 
contain  ]3olymorphonuclear  leukocytes,  desquamated  einthelial 
cells  from  the  capsular  spaces,  fibrin,  and  hyaline  and  granular 
ca.sts.  AMiere  the  ejnthelial  cells  from  tlie  capsular  space  come  in 
contact  with  fibrin  they  apjily  themselyes  to  its  surface.  In  other 
places  the  ei)ithelium  of  the  tubule  may  grow  oyer  the  surface  of 
fibrin  and  enclose  it,  apparently  using  it  as  a source  of  nutrition. 

1 he  tubules  of  the  j^yramids  usually  contain  numerous  hyaline 
and  granular  casts. 

The  connectiye-tissue  stroma  of  the  kidney,  as  a rule  shows 
more  or  less  edema  and  may  contain  pol}unorphonuclear  leukocytes 
and  endothelial  leukocytes  in  small  numbers,  especially  around  the 
glomeruli  when  exudation  is  abundant  in  the  capsular  spaces. 

Occasionally  small  foci  of  lynq^hocytes,  including  ifiasma  cells 
are  present. 


Intracapillary  Glomerulonephritis.— This  term  is  applied  to  the 
reaction  to  toxins  acting  within  the  capillaries  of  the  tuft.  Some- 
times the  reaction  is  limited  sharply  to  these  yessels;  at  other  times 
more  or  less  toxin  passes  into  the  capsular  sjiace  and  occasionally 
into  the  tulmles  and  leads  to  a reaction  there  also. 

The  toxiiLs  which  cause  intracapillary  glomerulonephritis  are 
( eriyed  chiefly  if  not  entirely  from  yarious  infectious  micro-organ- 
Rsins.  Consequently  they  yary  much  in  strength  and  character 
Moreoyer,  some  act  for  a short  time  only,  while  others  exert  their 
m uence  oyer  a long  period.  In  consequence  of  these  yariations 
m the  nature  strength  and  length  of  time  of  action  of  the  toxins 
the  resulting  lesions  may  differ  much  from  each  other.  ’ 

It  IS  usually  not  possible  to  demonstrate  any  definite  injury 
caused  in  the  glomerulus  by  the  toxins,  except  so  far  as  shown  by 
the  presence  of  fat-droplets  in  the  cells.  In  certain  instances,  how- 
e\ei,  more  or  less  necrosis  is  eyident  in  the  walls  of  the  capillaries 
At  ma}  affect  the  yessels  throughout  the  tuft  or  be  confined  to  a 
ol)ule  or  to  jiart  of  one.  It  is  usually  accom]xanied  by  the  forma- 

ocThided  capillaries  which  may  in  consequence  be 


The  reaction  yithin  the  glomerulus  may  be  eyidenced  Ijy  the 
formation  of  fibrin  or  by  the  accumulation  of  polymorphomLlear 

by  Each  of  these  elements  may  occur 

b}  Itself  or  they  may  be  yariously  combined.  As  a rule  fibrin 
occurs  m the  most  acute  lesions,  polymoiphonuclear  leiikocVtes  in 
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the  less  acute  lesions,  and  endothelial  leukocytes  when  the  process 
is  coinjiaratively  slow.  The  nature  of  the  toxins  jirobably  ])lays 
some  part,  however.  Occasionally  eosinophiles  are  present. 

Rarely  the  formation  of  fibrin  within  the  ca])illaries  of  the  glom- 
erulus is  the  onl}^  striking  evidence  of  a lesion  in  the  kidney.  The 
fibrin  may  occur  in  threads  and  networks,  or  in  solid  masses  and 
more  or  less  completely  occlude  the  vessels.  It  is  probably  due  to  a 
strong  toxin  causing  direct  injury  (necrosis)  of  the  cajiillary  wall. 
The  injury  is,  however,  not  always  evident.  This  tyjie  of  lesion  is 


' > -i'>8  •:  ♦ t .. 
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Fig.  428. — Kiflncy.  Acute  intrac.apillary  glomerulonephritis.  The  capillaries 
contain  many  polymorphonuclear  leukocytes.  M. 


relatively  common  in  infections  with  the  plague  bacillus,  but  occurs 
occasionally  also  with  other  organisms,  for  exam]ile,  the  stajihyl- 
ococcus  pyogenes  aureus  and  the  micrococcus  lanceolatus.  It 
can  be  produced  experimentally  in  animals  by  the  injection  of 
<liphtheria  toxin. 

A lesion  easier  to  understand  consists  of  the  accumulation  of 
polymorphonuclear  leukocytes  in  large  numbers  within  the  ca])il- 
laries,  so  that  many  or  all  of  the  vessels  are  distended  and  plugged 
with  them.  As  a n'.sult,  th('  glomeruli  are  considerabl^y  enlarged 
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and  the  number  of  nuclei  appearing  in  a section 
them  may  be  several  times  as  many  as  normal. 


through 


one 


The  capilla- 

M. 
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Endothelial  leukocytes  often  occur  in  various  proportions  in 
connection  with  the  })olyniorphonuclear  leukocytes.  AMien  the 
reaction  within  the  glomerulus  is  not  very  acute  and  intense,  how- 
ever, the  cell  accumulation  is  limited  almost  entirel}’'  or  even  ex- 
clusively to  the  endothelial  leukocytes.  Some  of  these  leukocytes 
are  unquestionably  lirought  by  the  blood  stream.  Most  of  them, 
however,  are  derived  directly  by  proliferation  and  desquamation 
from  the  endothelial  cells  lining  the  capillaries.  IMitotic  figures 
are  by  no  means  uncommon  in  the  earlier  stages  of  the  lesion. 


Fig.  431. — Kidney.  Acute  intracapillary  glomerulonephritis.  The  capillaries- 
are  distended  with  i)olyniorphonuclear  leukocytes.  M. 

The  endothelial  cells  and  leukocytes  distend  and  more  or  less 
completely  occlude  the  capillaries,  and  many  of  them  exhibit 
amelioid  forms.  Very  rarely  they  show  phagocytosis  for  poly- 
morphonuclear leukocytes.  Eosinophiles  are  often  associatinl  with 
them;  one  to  four  and  even  as  many  as  ten  may  occur  in  a section 
through  a single  glomerulus. 

As  the  result  of  the  accumulation  of  endothelial  leukocytes  in 
the  cafhllaries  the  glomeruli  apix'ar  more  or  less  enlarged  and  in 
staiiK'd  sections  they  are  seen  to  contain  many  more  nuclei  than- 
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normally.  Not  iiilmiiiently  a part  of  a lobule  of  the  tuft  will  pro- 
ject from  the  ca])8ular  space  into  the  beginning  of  the  tubule. 
Usually  the  capsular  space  ajipears  obliterated. 

\Vhen  the  reaction  is  distinctly  intracapillar^'  in  charactiT 
and  the  lesion  is  m its  early  stages,  the  normal  lobulation  of  the 
tuft  is  usually  more  or  less  completely  ol)scured,  because  the  dila- 
tation of  the  capillaries  forces  the  lobules  close  together  As  a 

rule,  the  epithelium  lining  the  causular  snnr.p  \ 

^ ,,  ^ capsuiar  space  is  not  iiromment, 

' sometimes  contain  numerous  1, valine  droplets. 

so  ti  afthrfihri  r T is  intense 

bO  that  the  fibim  and  leukocytes  occlude  the  capillaries  more  or 

"'™“  "■  * = : 

the  toxins  are  mild  and 
their  action  is  prolonged, 
certain  changes  of  a repar- 
ative nature  gradually  take 
place  in  the  tuft.  The 
fibroblasts  forming  the  siiji- 
pordng  walls  of  the  capil- 
laries are  stimulated  to 
increased  activity,  possibly 
to  regenerative  prolifera- 
tion, so  that  the  collagen 
fibrils  are  increased  in 
amount  at  the  base  of  the 
tuft  and  ruiming  through 
the  center  of  each  loliule. 

As  the  connective  tissue 
thickens  and  contracts  the 
lobules  are  ilrawn  apart  so 
that  at  this  stage,  some- 

diXcd?ld‘'r''*''  tlic  glomomli  urc  very 

■nnde  „ut  iii  th^rillTe" 

takes  place  the  capillaries  are  completely  oi)lfterate,rinTlhe 

r<s  uc«l1n"“nalT's  finally 

n^-tive  ^nL:^  rr  erfiS':L‘"Tt 

sclerosed  e-Iomomlnc  mi  • i It  has  become  a 

sclerosis  of  tho  v ^ ® Process  of  repair  temiinating  in 

The  chanires^Tthf  ^ sometimes  for  Aveeks  and  months. 
^Juratifn  ofSe  cm  and 

amount  am  karacto  ^ 

glomeruli  through  the 


s 


9 


‘"M 
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Pig  4.32.— -Kulnoy.  Acute  intmean- 
illary  glomerulonei)liritis.  Numerous 
polymori)liomiclear  leukocytes  witliin 
capillaries  m a lobule  of  a glomerular  tuft 
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Fig.  433. — Kidney.  Acute  intracai)ill;iry  glomerulonephritis.  The  caj)- 
illaries  are  distended  with  endothelial  cells  and  leukocytes.  One  lobule  of 
the  tuft  is  forced  into  the  beginning  of  the  tubule.  M. 


l‘'ig.  434. — Kidney.  Acute  intracapillary  glomerulonephritis.  Pro- 
liferation of  (‘ndoth(>lial  c('lls  in  capillaries  of  glomerular  tuft.  Mitotic  figure 
in  a. 
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As  a rule,  the  tiiliules  are  more  or  less  distended  with  fluid 
(edema)  while  the  lining  eiiithelium  is  flattened.  In  sections  of 
h.xed  tissue  the  luniina  contain  granular  material  and  circular 
reticulum  (i^ossihly  the  hardened  albuminous  covering  of  droiis  of 
uid).  The  epithelial  cells  of  the  convoluted  tubules,  instead  of 
being  flattened  may  be  swollen,  and  the  cytoplasm  may  contain 
laige  numbers  of  hyaline  droplets  of  all  sizes. 

f much  toxin  has  escaped  into  the  tubules,  necrosis  of  epithe- 
lum  may  have  occurred  here  and  there.  Polymorjihonuclear 


r. 


V-f 


htiofS  tlfo  tufl'isSl  slom,>:n.lo,K.pl,rilis. 

wall  endothelial  celts  and  leukocytes,  ‘•‘^tended  and  occluded 


l^lood-conmscles  are  occasionally  numerous 
iMbnn  sometimes  is  present;  rarely  it  is  abundant.  Fat  omirs 
especially  if  the  process  has  lasted  some  time 

narrou-oci,  less  <lifferonti.ted  nn.l  less  pro.mno.'r  ® 
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The  connective  tissue  may  show  little  change  beyond  edema  and 
in  the  late  stages  a moderate  amount  of  inen^ase.  When,  however, 
the  glomerular  process  is  acute  and  severe  and  is  comiilicated  by  a 
certain  amount  of  tubular  nej^hritis,  the  connective  tissue  may  be 
infiltrated  with  numerous  polymorjihonuclear  leukocjdes,  especi- 
ally around  the  ca]:>sules  of  the  glomeruli,  and  may  contain  many 
small  and  large  foci  of  lymphocytes. 

Gross  Appearance. — In  the  early  stages  of  intracapillary  glom- 
erulonephritis the  kidney  is  usually  much  increased  in  size.  It 
maj"  weigh  up  to  double  the  normal,  but  very  rarely  more.  The 
increase  is  due  chiefly  to  edema,  as  the  cellular  increa.se  caused  by 
the  leukocytic  infiltration  is  comparatively  sliglit.  In  the  late 
stages  of  the  jirocess  the  kidney  shrinks  to  normal  or  below,  owing 
to  diminution  of  the  fluid,  atropliy  of  the  tubules,  and  contraction 
of  the  connective  tissue. 

The  shape  of  the  kidney  remains  symmetric  throughout  with 
this  type  of  lesion;  but  the  surface  liecomes  finely  granular  in  the 
contracted  stage. 

The  color  of  the  kidney  is  ])ale  owing  to  obstruction  of  the  capil- 
laries in  the  tuft  (large  and  small  white  kidney).  The  blood  does 
not  pass  readily  through  these  vessels;  in  consequence  the  veins 
are  not  distended.  This  condition  combined  with  more  or  less 
edema  causes  jiallor.  Fat  in  epithelial  cells  of  the  convoluted 
tubules  causes  yellowish  white  to  white  specks  in  a grejdsh  back- 
ground. 

( )n  section  the  glomeruli  in  the  early  stages,  when  they  are  en- 
larged, may  project  above  the  cut  surface  as  grejdsh  points  or  dots. 

Vascular  Nephritis  (Arteriosclerosis). — The  primary  lesion  in 
vascular  nephritis  is  located  in  the  lilood-vessels,  especially  in  the 
smaller  arteries  of  the  cortex  and  in  the  capillaries  of  the  glomeru- 
lar tufts.  The  lesion  is  similar  in  character  to  that  which  occurs 
in  the  aorta  and  other  blood-vessels  in  general  arteriosclerosis  and 
is  a part  of  the  same  general  process.  It  is  a retrograde  ]wocess 
characterized  by  the  presence  of  much  fat  in  the  injured  cells. 
The  cells  most  affected  are  the  fibroblasts  beneath  the  lining  en- 
dothelium. In  addition,  however,  smooth  muscle-cells  if  jiresent 
are  also  often  involved,  and  not  infrciiuently  the  lining  endothelium 
itself  is  ultimately  affected.  Fat  set  free  by  necrosis  of  any  of 
these  cells  is  taken  up  by  endothelial  leukocytes.  Necrotic  fibro- 
blasts are  replaced  by  regeneration  in  excess  so  that  the  vessel  walls 
are  thickened  and  the  liimina  narrowed.  The  elastic  tissue  is  ])ro- 
duced  in  increased  amount  by  the  fibroblasts.  The  muscle-cells 
may  entirely  disappear. 

When  the  lining  endothelial  cells  are  de.stroyed,  fibrin  formation 
(thrombus)  commonly  occurs  and  jiroduccs  partial  to  conii)lete 
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ocdusiim  of  the  jiart  of  tlio  vessel  affeeted.  Later,  the  fibrin  is 
mvailed  and  rei>laeed  l,y  til)i'ol)lasts.  In  tliis  way  irresuiar  tliiek- 
enmg  and  frequently  ocelusion  of  tile  vessels  is  ])rodueed.  The 
pioeess  IS  chrome,  lasting  usually  over  many  years;  it  is  also  fre- 
quently intermittent;  Init  in  suitable  eases  all  stages  in  the  de- 
velopment of  the  lesions  can  be  found. 


d 

tael, cd  to  aepi.ritis  a,  Thrombus  at- 

endotilcliul  leukocyte  filled  ivith  fet  ,l^  i d'tombtis  attaelied  to  wall- 

organization  of  tlmoinbuL  ' ‘ a,  mtima;  d,  lumen  oceluded  1,y 
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The  primary  vascular  lesion  is  diffusely  and  irregularly  dis- 
tributed throughout  the  kidney  and  may  in  time  affect  many 


Fig.  437. — Kidney.  Vascular  nephritis.  Accumulation  of  fat  in  glomerular 

tufts. 


Fig.  4.3s. — Kidney.  Vascular  nephritis.  Numerous  endothelial  leukocytes 
filled  with  fat-droplets  are  pres('iit  in  the  glomerular  tuft.  M. 


glomeruli,  thereby  causing;  destruction  of  a largjc  part  of  the  kidney 
involved.  It  is  evidently  toxic  in  origin,  but  as  it  often  leads,  by 
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narrowiiif>-  the  limiina  ot  vessels,  to  interference  with  the  blood 
supply  in  adjoining  parts  of  the  kidney,  secondary  lesions  due  to 
lack  of  nutrition  arise.  It  is  probable  that  the  two  types  of  lesions 
cannot  always  be  distinguished  from  each  other. 

The  lesmn  in  the  arteries  resembles  in  all  essentials  that  found 
elsewhere  in  the  body  in  general  arteriosclerosis.  It  consists  of 
( egeneration  of  the  cells  as  shown  by  the  presence  of  numerous  fat- 
clroplets  m them.  In  the  larger  vessels  the  fibroblasts  of  the  in- 
tiina  are  usually  the  cells  most  affected,  but  in  the  .smaller  vessels 
al  the  cells  m the  wall  are  generally  involved.  The  smooth  muscle- 
cells  disappear.  The  vessel  wall  may  ajjpear  in  a Scharlach  IT 
stain  as  if  composed  of  fat,  and  by  other  stains  swollen  and  hya- 
hne  If  the  cells  become  necrotic  the  free  fat  is  taken  up  by  en- 
dothelial leukocytes  which  ^ 

may  elevate  the  lining  ^ - - o-  :-:w-  ’ ' \u 

endothelium  to  such  an  ' 

extent  that  the  lumen  of  a 
vessel  is  almost  completely 
obliterated.  Necrosis  of 
fibrobla.sts  is  slowly  fol- 
lowed by  regeneration  in 
excess  of  the  normal  con- 
dition, so  that  the  wall  of 
the  vessel  is  thickened 
and  the  lumen  more  or 
less  narrowed.  An  aliun- 
f lance  of  elastic  tissue  is 
usually  ]R’oduced  by  these 
new  fibrobla.sts. 

If  the  lining  endothe- 
lium is  destroyed  the 
lesion  is  usually  compli- 
cated b\  the  formation  of  fibrin  which  may  appear  in  a small  or 

I rge  mass  on  one  side  of  the  lumen,  or  form  a uniform  laver 

around  the  inside  of  the  ve.s,sel,  or  comiiletely  occlude  it.  Fibrin 
oimation  occurs  much  more  commonly  in  the  smaller  arteries 
c r1  especially  m the  afferent  ves.sels  of  glomeruli.  The  filirin  is 
gmdually  organized  by  fibroblasts  and  thus  replaced  by  connective 

t]ujy  capillaries  of  the  glomerulus  are  similar  to 

ose  m the  arteries.  One  or  several  or  all  of  the  capillaries  of  a 
g omerulus  may  lie  affected.  Both  the  endothelium  and  the  film> 
asts  ma\  be  injured  and  contain  much  fat.  If  the  fibroblasts 
become  necrotic  the  fat  thus  set  free  may  I,e  taken  up  bv  endotlie 
hal  leukocytes  which  sometimes  infiltrate  the  glomerulus  in  large 


I’lg.  4.39.— Kifiney.  Vascular  nopliri- 
tis.  Jandot  H'lial  leukocytes  filled  with  fat- 
tlroplets  in  lobule  of  glomerular  tuft. 
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numbers.  Except  for  some  increase  in  the  connective  tissue  due  to 
regeneration  of  the  fiiiroblasts,  such  a glomerulus  probaldy  may  be 
restored  to  its  normal  condition  and  function. 


Fig.  440. — Kidney.  Vascular  nephritis.  Fibrin  thrombi  forming  in  capilla- 
ries of  glomerular  tufts  and  enclosing  red  blood-corpuscles. 


Fig.  441. — ^Kidney.  \ascular  nephritis  (arteriosclerosis).  Infarction  of  the 
tuft  owing  to  lhroml)osis  of  the  afferent  artery.  M. 
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If  the  endotlieliuin  is  destro.vccl,  fibrin  usually  forms,  often  in- 
volving the  red  blood-eorpuseles  present  in  the  vessel,  oeeludes  the 
hiniina  of  one  or  more  capillaries,  and  leads  to  organization  by 
h n-oblasts.  In  this  way  one  or  more  lolniles  or  the  whole  glomer- 
u us  becomes  non-vascular  and  transformed  into  a mass  of  fibro- 
blasts; the  collagen  fibrils  jn-oduced  by  them  contract,  most  of  the 
cells  atroph}'  and  disa]:»pear,  and  the  glomerulus  in  ]iart  or  en- 
tirely becomes  sclerosed,  tliat  is,  reduced  to  a shrunken  hyaline 
mass  of  connective  tissue. 


Fig.  442.  Kidney  Vascular  nephritis  (artorio.sclorosis). 

IS  almost  occluded  by  tlironihus  format  ion. 


The  afferent  artery 


If  the  occlusion  of  the  afferent  vessel  of  a glomerulus  or  of  onv 
O . te  branches,  is  pro,luee<l  su.l.lenly  infarction  nf^ talll  lie 

S|)ace.'  <-o>HpI<-fe  obliteration  of  the  capsular 

Sclerosed  glomeruli  often  occur  in  clumps,  perhaps  because  they 
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derive  their  lilood  siijiply  from  a eommon  arteriole,  which,  if 
partially  occluded  owing  to  sclerotic  changes,  would  supply  them 
with  less  nutrition  than  they  need. 

Accompanying  and  following  the  changes  in  a glomerulus  which 
result  in  its  sclerosis,  its  tuliule  undergoes  a retrograde  change. 
The  lining  epithelial  cells  lose  their  differentiated  structure;  the 
cytoplasm  shrinks,  the  cells  become  low  and  atro]:>hic  instead  of 
more  or  less  columnar,  the  tubule  becomes  smaller  and  smaller^ 
and  finally  seems  to  disappear  entirely. 


Fig.  443. — Kidney.  Vascular  nephritis  (arteriosclerosis).  Sclerosis  of  glom- 
erulus following  sclcro.sis  of  afferent  artery.  M . 

Other  tubules  may  be  much  dilated  and  their  cuhthelium  greatly 
thinned,  probably  as  a result  of  more  or  less  occlusion  of  the  tubule 
lower  down,  owing  to  conpire.ssion  due  to  shrinking  of  the  surround- 
ing connective  tissue  or  to  the  jiresence  of  casts. 

Mere  and  there  the  epithelium  in  the  tubules  contains  much  fat, 
but  in  other  places  it  shows  no  trace  of  it. 

The  connective  tissue  in  the  arteriosclerotic  kidney  thickens  u]) 
in  the  glomeruli  and  arteries  as  a result  of  regeneration  when  fibro- 
blasts have  und('rgone  necrosis.  It  is  newly-formed  as  the  result 
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of  the  organization  of  fibrin  deposited  within  the  arteries,  in  tlie 
capillaries  ol  gloniernli,  and  soinetinies  within  the  ca])sular  s]ric(‘s. 
It  thickens  nj)  between  the  tubules  and  vessels  owing  to  contraction 
wherever  glomeruli  have  shrunken  as  the  result  of  sclerosis  and 
tubules  have  atroj)hied  and  disaj^peared. 

\V  herever  a glomerulus  has  Ijecome  sclerosed,  its  tubule  atro- 
phied or  gone,  and  the  surrounding  connective  tissue  contracted 
and,  therefore,  apparently  increased  in  amount,  more  or  less  infil- 
tration of  the  connective  tissue  with  cells  of  the  lyni])hoblast 
series  is  usually  present. 


vosscb^afm.ihiolV'tn?  ■]  ^ "('Plibtis.  Sclerosed  glomeruli  and  blood- 
essels,  atioi)hied  tubules,  contraction  and  relative  increase  of  connective 

ir'“"  of  .o.„oTt  fl,o 


Kosmoi)liilos  and  niastcpils  are  also  occasionally  found  in  small 
numbers. 

Gross  Appearance.— hi  the  arteriosclerotic  kidnev  the  primarv 
lesion  located  in  the  blood-vessels  is  followed  by  sclerosis  of  gloni- 
ei  nil  and  atrojiliy  and  disappearance  of  tubules.  Hence  the  kidney 
gradually  diininishes  in  size,  often  to  less  than  half  the  normal  con- 
dition.  As  the  process  is  fairly  uniformly  distributed,  in  small  and 
not  111  large  foci,  the  shape  of  the  kidney  is  usuallv  not  altered 
1 he  cortex  on  section  is  noticnably  thinned  and  may  measure  only 
tvo  or  three  mm.  m thickness  in.stead  of  five  to  six  mm  The 
puaimds  are  correspondingly  shrunken.  The  ca])siile  usually 
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strijxs  less  readil}^  than  normally,  leaving  a finely  grannlar  surface 
where  the  depressions  corres]iond  to  the  atrojihied  areas  and  the 
projecting  granules  to  the  more  normal  parts.  Small  cysts  are 
often  present. 

The  veins  are  often  more  or  less  congested,  but  not  necessarily 
so.  The  consistence  of  the  kidney  is  increased  because  many 
glomeruli  are  sclerosed,  the  tubules  are  diminished  in  number,  and 
the  connective  tissue  contracted  and  hence  thickened. 

It  is  not  usual  to  find  a simple,  uncomi)licat('d  arteriosclerotic 
kidney.  Other  renal  jirocesses  are  often  combined  with  it  in 
various  degrees,  such  as  i)yelone])hritis,  amyloid  formation  and 
diherent  ty])es  of  glomerular  lesions. 

The  arteriosclerotic  Iddney  usually  occurs  at  a more  or  less 
advanced  age.  At  least  it  is  not  common  Ix'fore  the  age  of  fortv. 
It  arises  as  the  result  of  toxins  acting  intermittently  or  continu- 
ously for  many  years.  Occasionally,  however,  toxins  of  the  a])- 
]iropriate  character  and  strenglh  will  firing  about  the  typical  le- 
sions of  advanced  arteriosclerosis  in  the  aorta,  kidney  and  other 
organs  at  a very  early  age,  for  exarn])le,  in  a boy  of  sixteen  and  a 
woman  of  twenty-two. 

A\  hat  the  nature  of  these  toxins  is  has  not  yet  been  determined. 
Lead  iioisoning  and  syphilis  are  two  causes  often  blamed.  In  the 
different  varieties  of  acute  ne]ihritis  lesions  of  tlie  blood-vessels, 
and  especially  of  the  ca])illaries  of  the  glomeruli,  are  not  at  all  un- 
common. They  jirobably  account  for  many  of  the  sclerosed  tufts 
found  even  in  small  children.  Probafily  in  old  peojile  an  arterio- 
sclerotic kidney  is  the  result  of  various  toxins  acting  intermittently 
and  continuously  over  many  years. 

Infectious  Lesions 

Under  this  heading  are  included  all  the  lesions  due  to  the  im- 
mediate prevsence  of  infectious  organisms  in  the  kidney.  These 
lesions  are  freiiuent  and  imjiortant.  ’\\'hen  they  are  undergoing 
rejiair  or  are  healed,  the  manner  of  their  origin  is  often  overlooked 
or  not  recognized. 

In  certain  infectious  processes,  such  as  acute  endocarditis  or  a 
seiiticemia,  toxins  and  bacteria  may  both  be  brought  to  the  kidney. 
As  a result  we  may  get  diffuse  toxic  lesions  such  as  tubular  or 
glomerular  nephritis,  complicated  by  focal  lesions  of  bactc'rial 
origin. 

Classification. — d he  infectious  lesions  of  the  kidney  are  of 
various  sorts,  tlu;  causal  agents  many.  The  ideal  classification  of 
the  lesions  would  be  on  an  etiologic  basis,  but  this  is  not  always 
feasible  because  it  is  oft(*n  ini])racticable  or  impossible  to  detc'r- 
rnine  with  certainty  the  exact  nature  of  the  infecting  organism  in 
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each  instance.  Moreover,  the  lesions  j)ro<hice(l  a nunil)er  of 
dilterent  organisms  ina}"  closely  resemble  one  another.  On  this 
account  an  c^tiologic  classification  is  ordinarily  carrit'd  out  with  only 
a few  oiganisms,  such  as  the  tubercle  bacillus  and  the  treponema 
pallidimi.  The  lesions  produced  by  many  other  organisms  are 
usually  grouped  together  and  classifietl  according  to  the  nature  of 
the  pathologic  process,  that  is,  on  an  anatomic  basis.  These  two 
t\  pes  of  classification  are  often  combined  (strej^tococcus  abscess), 
and  they  may  be  modifi('d  by  the  manner  of  invasion  of  the  kidney 
(t uberculous  pyeloneidi rit is) . 

The  infectious  lesions  of  the  kidney  will  be  considered  mider  the 
following  headings: 

1.  Abscess. 

2.  Infectious  nephritis. 

o.  Infectious  lesions  of  blood-vessels. 

Mode  of  Invasion.  Infection  of  the  kidney  mav  take  place 
rarely  by  direct  continuity  from  lesions  in  the  adjo'ining  tissue- 
frequently  through  the  blood-vessels  (hematogenous  infection)- 
or  less  often  through  the  tulmles  from  the  pelvis  of  the  kidney 
(ascending  pyeloneiihritis) . In  w-hatever  way  infection  takes 
placo  the  orgamsms,  if  not  already  there,  as  a rule  soon  gain  access 
to  the  lumma  of  the  tubules  and  to  the  lymph-spaces  and  vessels 
in  the  coimective-tissue  stroma  and  spread  more  or  less  rapidly 
through  these  channels.  When  the  lesions  are  acute  it  is  usually 
ea.sy  to  determine  the  mode  of  infection,  but  when  the  process  has 
existed  for  some  time  this  may  lie  impossible,  for  infection  by  con- 
tinuity or  through  the  blood-vessels  may  readily,  b}"  extension 
direct  y or  through  the  tubules  to  the  pelvis  of  the  kidnev,  be  con- 
verted into  an  ascending  pyelonejihritis.  On  this  ac«mnt  the 
broader  and  more  general  term  of  infectious  nephritis  is  preferable 
to  pyeloneiihritis. 

Injurious  Agents.— The  infectious  agents  which  most  commonly 
in-oduce  infectious  lesions  in  the  kidney  are  the  staphylococcus 
auieus  the  streptococcus  pyogenes,  the  colon  bacillus,  and  the 
tuliercle  bacillus.  Other  organisms  which  occur  less  commonly 
are  thynicrococcus  lanceolatus,  the  baicilhis  mucosus  capsulatus 
the  actmomyces,  and  the  treponema  pallidum.  ^ 

Some  of  these  organisms  reach  the  kidney  as  a rule  through  the 
cirnilation  (staphylococcus  aureus,  streptococcus  pyogenes,  tu- 
X'l-cle  bacillus),  others  chiefly  by  infection  of  the  pelvis  of  the  kid- 
ney from  below  (bacillus  coli) ; at  least  one  organism  mav  reach  the 
■Klney  in  any  one  of  the  three  ways  mentioned  (liacillus  tubercu- 


aurou!,  pro<luce  marked  necrosis  and  solution  of  tissue  {abscess 
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formation),  while  others,  as  frequently  hajqxTis  with  tlie  colon 
bacillus,  for  exainjile,  may  jiroduce  only  a diffuse  inflammatory 
lirocess.  \dirious  combinations  of  these  two  tyiies  of  lesions  may 
occur. 

The  organisms  producing  infectious  lesions  in  the  kidney  are 
sometimes  very  numerous  and  occur  in  masses  (stre])tococcus  jiyo- 
genes  and  tubercle  liacillus  in  the  capillaries  of  a glomerulus,  the 
sta])hylococcus  aureus  in  the  centers  of  beginning  abscesses,  the 


Fip:.  44.'5. — Kidney.  Acute  infectious  nephritis  (i)yelone))liritis).  Tu- 
bules dilated  and  filled  with  polyinori)honuclear  leukocytes.  Hinall  abscess 
formed.  M. 


colon  bacillus  in  ascending  infections);  at  other  times  it  is  dif- 
ficult to  demonstrate  them. 

Organisms  which  reach  the  kidney  through  the  blood  stream 
are  usually  caught  in  the  glomeruli  and  lead  to  an  inllammatory 
reaction  at  that  point.  Less  often  they  are  detained  in  the  capil- 
laries into  which  the  efferent  vessel  of  the  glomerulus  breaks  u]). 
Certain  organisms  infect  the  walls  of  artc'ries  and  cause  lesions 
there,  whih'  the  tre])onema  ]iallidum,  at  least  in  congenital  syphilis, 
invades  chiefly  the  connective-tissue  stroma.  To  determine  these 
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<liHeront  points  the  lesions  must  be  found  and  studied  in  tlu'ir 
earliest  stages. 

Abscess.  A lesion  starting  in  a glomerulus  quickly  extends  to 
the  capsular  space  and  the  subtending  tubule.  The  tuft  may  be 
invaded  by  numerous  polymorjihonuclear  leukocytes  and  the  cap- 
sular space  and  tubule  distended  and  filled  with  them.  Necrosis 
usually  follows  quickly  and  the  landmarks  are  soon  destroyed.  A 
miliary  abscess  starting  in  this  manner  may  rapidly  extend'  ix'riph- 
erally  and  involve  all  the  surrounding  structures.  The  infec- 
tious process  also  spreads  along  the  tubule  and  often  by  direct 
extension  to  the  surrounding  tissue  it  gains  access  to  the  lymph- 
Sjiaces  and  vessels.  As  these  vessels  and  esiiecially  the  tubuies  run 

tile  capsule  the  lesions 
latuially  spread  m the  same  direction.  On  this  account  thev 

usually  present  a streaked  or  linear  arrangement  running  towards 
t le  pelvis  and  converging  as  the}^  ajiiiroach  it. 

Abscesses  of  hematogenous  origin  are  usually  multiple,  and  when 
they  are  they  may  be  expected  to  occur  in  both  kidneys  in  accord- 
ance  ^vith  the  laws  of  chance  regarding  the  distrilmtion  of  numerous 
ifectious  orgmiisms  through  the  circulation.  Abscesses  frequentlv 
occur  m the  kidney,  however,  as  the  result  of  ascending  infection 

multiiile  abscesses  may  occur  m one  kidney  while  none  is  present 
of  the  nff  "" t 1 however,  that  the  pelvis 

marv  lesion  of  hematogenous  origin. 

Infectious  Nephritis.— Infectious  ncpliritis  is  tlie  term  apnlieil 
to  a ibffuse  inflammatory  process  in  the  kidney  <lue  to  tlie  im- 
mediate presence  of  organisms.  It  is  mo.st  often  caused  by  tlie 

hv  wn  .1  *7’  " ‘ ‘7  mv.aded  from  the  urinary  bladder 

. aj  of  the  ureter.  Tlie  organisms  invaile  tlie  tubuies  and  as 
cend  along  them  to  the  cortex,  but  tliey  rarely  inv.ade  the  caps  il;,. 
space  of  a glomerulus.  They  produce  an  ac'itfc  inflammatory  el 
action  lyhich  IS  combined  with  more  or  less  necrosis  of  the  epithe- 
lium lining  the  tubules.  The  exudation  consists  of  polymorplm 

lemiTanlf  leukocytes  in  yarying  ,,roportions  ami  of 

serum  ,ind  fibim.  Ihey  collect  in  the  tubules  and  distend  them 
requcntly  a similar  exudation  is  present  in  the  intertubular  con 

PW  Sir  ‘■‘"i!  t ‘ond 

a.sma  cells.  An  inflammatory  process  such  as  this  may  extend 

the  pewr;:! 

nvtn  V invade  it  more  or  less  diffusclv  and 

exte  siyely.  Sometimes  this  fairly  mild  process  is  coZicatca 
lit  more  or  less  extensiye  hemorrhage  and  by  abscesses  cliif to 
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Fig.  44(). — Kidney.  Acute  infectious  nephritis  (pyelonephritis).  Col- 
lecting tubules  in  pyriiinid  filled  with  polymorphonuclear  leukocytes  which 
are  also  numerous  between  the  lining  epithelial  cells  and  in  the  intertubular 
ti.ssue.  M. 


Fig. 


447. — Kidney.  lnfecti(jus  nephritis. 

within  a tubule  and  in  tlie 


N umerous  endot  helial 
adjoining  stroma. 


leukocytes 
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ai-oas  oi  necrosis  ot  tubules  and  surrounding  tissue,  followed  by 
soltening.  At  other  times  the  infectious  organism  is  more  virii- 
lent,  and  necrosis  and  softening  are  more  extensive,  so  that  ab- 
scesses and  su])])urating  tracts  form  the  most  obvious  lesions  (siii)- 
jmrative  nephritis,  chronic  pyelone]ihritis,  surgical  kidney). 

Inlectious  neiihritis  may  undergo  repair  at  any  stage  of  the 
process  provided  the  infectious  organism  is  killed  off.  This  mav 
hapijen  m some  foci  and  not  in  others,  or  it  may  occur  throughout 
the  kidney.  Lesions  m all  stages  of  reiiair  may  frequently  be 
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memu/p()IymoiphonudcaJ’\*^u£ 

within  the  tubules.  pi.isiiu  ctlls.  A lew  leukocyte.s 


ot  in.]ui>  done.  Sometimes  the  tufniles  arc  comiiletely  restored 
l.y  r..p.nerat,on  of  the  epithelium.  At  other  timertt  tXle 

^i^'iivThe  (lifferentiated.  Oeea- 

mall>  they  are  comioletely  de.stroved.  The  glomeruli  mnv  ro 

ZuV'^The  imert  of  fil.rous 

ii>e.-e.,'.„  I ■ "'fo'fubular  ooniieetive  tissue  is  usually  more  or  less 
i "^un"\i^7''‘’  "f  ■•oseueratiou  follow'- 

eeUs  “ of  Ivm,,h„i,| 
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When  abscesses  liave  been  jiresent  tliey  are  gradually  filled  in 
and  oliliterated  b}'  granulation  tissue.  This  jirocess  of  repair  is 
often  coni])lieated  by  the  presence  of  large  numbers  of  endothelial 
leukocytes  filletl  with  fat,  which  infiltrate  the  granulation  tissue 
and  fill  the  cavity  of  the  abscess  when  it  has  not  been  obliterated, 
ddie  fat  has  been  derived  from  degenerating  cells  and  leukocytes 
ami  when  set  free  by  necrosis  has  attracted  the  endothelial  leu- 
kocytes. Sometimes  these  leukocytes  fuse  to  form  foreign  body 
giant-cells  around  crystals  of  various  sorts  derived  from  the  fat. 


Fig.  449. — Kidney.  Infectious  nephritis.  Many  polymorplionuclear 
leukocytes  in  the  tubules  and  between  the  lining  epithelial  cells  and  many 
lymphocytes  in  the  intertubular  tissue.  M. 


Infectious  nephritis  is  probably  more  common  than  is  generally 
supposed.  It  occurs  both  in  childnm  and  in  adults,  and  frequently 
terminates  in  repair.  It  very  often  complicates  other  lesions  of 
the  kidney  especially  vascular  nephritis  and  amyloid  formation. 

Gross  Appearance.- — Tin;  gross  appt'arance  of  the  kidney  of 
inh'ctious  nephritis  varies  greatly  according  to  the  c*haracter  of 
the  infectious  organism  and  the  duration  of  the  process.  In  the 
acute  stage  the  kidney  may  be  enlarged  and  lieset  by  numerous 
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loiift,  wedge-shaped,  grey  to  3'ellow,  softer  areas  or  strands  of 
various  sizes,  with  their  bases  at  the  capsule  and  their  ajiices  at  the 
jK'lyis.  1 he  straiuls  may  be  bordered  by  injected  blood-vessels 
and  contain  more  or  less  hemorrhage.  Abscesses  may  be  as- 
sociated with  this  inikler  inflammatoiA^  jirocess.  They  are  filled 
wt  1 ]uis  and  often  bonlered  by  a ^adlow,  opaque  zone  Avhere  the 

granulation  tissue  is  infiltrated  with  eiulothelial  leukocytes  filled 
with  fat. 


appoSncfrf  Hoalon  atago  showing  dia- 

nective  tissue.  M.  ’ goneiulus,  and  marked  increase  of  con- 


tract a - ^ ^ wedge-shaped  areas  gradually  con- 

tnut,  assuine  a greyish  appearance,  and  aitpear  more  or  leL  lihc 

^ ciis  accorclmg  to  the  amount  of  destruction  of  tubules  and  new 
formation  of  connective  tissue  tuuuies  and  new 

Infectious  Lesions  of  the  Blood-vessels.-Infectious  lesions  of 
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the  blood-vessels  of  the  kitlney,  althouf2;h  not  very  eommon,  are 
very  definite  and  characteristic.  The}^  occur  in  arteries.  The 
lesion  consists  of  necrosis  of  the  vessel  wall,  more  or  less  extensive 
fibrin  formation,  and  the  accumulation  of  numerous  ])olymoipho- 
nuclear  and  endothelial  leukocytes,  and  of  a varying-  number  of 
lymphocytes.  Thrombi  may  form  within  the  lumen  of  the  affecti'd 
vessed,  and  later  lead  to  invasion  and  replacement  by  fil)roblasts 
(so-called  organization).  Lesions  of  this  ty])c  occur  not  infre- 
(luently  in  connection  with  acute  tubular  and  glomerular  nephritis, 
and  also  in  certain  mild  tyiies  of  acute  endocartlitis. 


^ % A ^ 


Fig.  4.^1. — Kidnoy.  Clironic  infectious  nephritis.  Sliows  endotlielial 
leukocytes  filled  with  fat-droi)lets;  also  giant-c('lls  formed  by  fusion  of  en- 
dothelial leukocytes,  i)robably  in  consc'quence  of  the  jn-esence  of  ])roducts  of 
fat  metabolism.  M. 


Tuberculosis. — Three  different  gross  tuberculous  le- 

sions of  the  kidney  are  recognized;  (1)  miliary  tuberculosis;  (2) 
tuberculous  infarction;  (3)  tulierculous  ne])hritis. 

1.  Miliary  tuberculosis  is  the  commonest  form  of  tuberculous 
infection  of  the  kidney.  It  is  always  of  hematogenous  origin  and 
occurs  in  cases  of  generalized  miliary  tuberculosis.  The  number  of 
tulxTch's  in  the  kidney  is  always  ridatively  less  than  in  the  sideen, 
liv(‘r  and  lungs,  jirobably  because  the  vascular  endothelium  is  less 
))hagocytic  and  the  (*ells  do  not  olt(Ti  catch  and  retain  the  bacilli. 
The  lesions  may  start  in  the  glomeruli  or  in  the  capillaries  between 
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the  tubules.  Tlie  organisms  lead  first  to  an  aeeuniulation  of  en- 
dothelial leukoeytes  in  and  around  the  vessels  in  which  they  are 
situated.  In  the  glomerulus  the  lesion  spreads  to  the  eai)sular 
space  and  the  attending  tubule,  which  become  filled  with  endo- 
thelial leukocytes  anti  hbrin.  Necrosis  begins  and  spreads  as  the 
vessels  become  occlutled.  The  lesion  s])reads  peri]dierally  and 
along  the  tubules  so  that  the  landmarks  are  soon  obliterated. 
Karely  tubercle  bacilli  develop  in  large  numbers  in  the  ca])illaries 
of  the  tuft,  foiming  solid  masses  like  colonies  in  a culture  tube. 


Fig.  4.52.  Kidney.  Hoalod  area  of  pyolonophritis.  M. 


Mihaiy  tubt'rculosis  is  usually  acute,  because  death  occurs  be- 
fore the  lesions  have  time  to  develop.  When,  however,  thev  are 
\ ei\  fe\t  m numlier  they  sometimes  develo}:)  so  as  to  involve  a con- 
smerable  area,  tending  to  spreatl  chiefly  towards  the  pelvis  be- 
cause the  tubules  run  in  that  direction.  ’ 

2.  ridyemdous  infarction  is  the  term  ap)died  to  a rare  form  of 
tu  Kicii Ous  esion  which  is  shaped  like  an  infarct,  and  is  due  to  a 
tiDcicu  ous  lesion  of  an  artery  from  which  tubercle  bacilli  are  dij- 

The  irterv  it  eh  " capillaries  supplied  by  that  arterv. 

le  artery  itself  may  nave  lieen  originally  infected  directly  from 
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tlie  blood  stream  or  from  a miliary  tubercle  starting  near  it  and 
extending  into  it. 


Fig.  453. — Kidney.  Infectious  lesion  of  artery.  Neero.sis,  filirin,  i)olyinorpli- 
onuck'ar  and  endothelial  leukocytes,  lymphocytes.  ]\I. 


n 


h 


Fig.  454. — Tubercle  bacilli,  a,  Within  capsular  .space  of  glomerulus  of  kidney; 
h,  within  cai)illaries  of  glomerular  tuft  of  kidney. 


3.  TuherculouH  NeyhritU. — Tliis  form  of  tuberculosis  of  the 
kidney  is  chronic  in  type  and  the  most  important,  because  it  may 
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lie  the  only  serious  lesion  in  the  body.  It  is  due  to  tuherele  baeilli 
gaming  entrance  to  the  pelvis  ol  the  kidne}^  and  causing  a jiyelitis. 
I'l’oin  here  they  infect  the  tubules  and  the  intervening  lyni])h- 
vessels  and  tend  to  spread  towards  the  cortex,  causing  necrosis 
and  ulceiation  vhich  start  usually  at  the  apices  of  the  jiyrainids 
and  p’adually  erode  them.  The  lesion  is  analogous  to  tuber- 
culosis extending  along  the  bronchi  of  the  lung.  Tlie  jirocess 
may  result  m the  formation  of  numerous  abscess  cavities,  some  of 
vhich  may  reach  the  capsule  of  the  kidne}^  or  the  whole  kidne}^ 
may  be  transformed  into  a sacculated  cavity  filled  with  chee.sy 
or  putty-hke  material. 

_ The  pelvis  of  the  kidney  may  have  been  originally  infected 
111  one  of  three  ways;  (a)  by  direct  extension  of  a lesion  of  hema- 
togenous origin  into  the  pelvis,  or  by  bacilli  lieing  carrietl  along 
a tubule  from  such  a lesion  in  the  cortex;  (6)  1)}'  extension  of 
a tuberculous  process  from  lower  domi  in  the  genito-urinary 
tract  to  the  pelvis  by  way  of  the  ureter;  (c)  rarely  by  direct  ex- 
tension of  a tuberculous  lesion  of  an  adrenal  or  other  adioinino- 
structure  to  the  kidney  and  thence  to  the  iielvis. 

It  has  been  claimed  that  tubercle  liacilli  sometimes  iiass 
through  the  glomeruli  and  lodge  in  the  collecting  tubules  of  the 
P3Tamids  where  they  start  an  ascending  p3'elonephritis  (excretion 
tu  leiculosis).  If  this  were  possible  we  ought  to  find  evidences 
of  such  lesions  just  lieginning  in  every  extensive  case  of  miliary 
tuberculosis,  but  we  do  not.  The  appearance  described  as  e^t 
cretion  tuberculosis  is  without  much  question  an  early  stage  of 
ascending  tuberculous  pyelonephritis.  The  jielvis  was  probably 

infected  from  a hematogenous  lesion  present  elsewhere  in  the  kitl- 
ney  anti  overlooked. 

SyphiUs.—In  congenital  S3qihilis  the  treponema  ])allidiim  mav 
le  piesent  m large  numbers  in  the  connective-tissue  stroma  of  the 
kidney  and  to  some  extent  within  the  tubules  and  between  the 
epitheha  cells  lining  them.  The  reaction  to  it  is  practically  nil. 

nfection  of  the  kidney  m acquired  syphilis  is  doubtful ; at 
east  no  one  apparently  has  yet  demonstrated  treiionemas  in  any 
lesion  claimed  to  be  syphilitic.  ^ 

Sclerosis.— It  is  evident  from  this  presentation  of  the  various 
inflammatory  processes  of  the  kidney  that  sclerosis  of  the  organ 
na3  lesu  t both  from  toxic  and  from  infectious  lesions  The 
term  sclerosis  includes  lioth  healed  acute  and  recurrent  lesions 
and  chronic  (continuous)  conditions.  ’ 

If  the  various  types  of  acute  lesions  have  been  fully  analyzed 
and  presenteo  from  the  time  of  their  inception  to  their  terinina- 
011  either  m restoration  to  the  normal  condition  or  in  sclerosis 
then  we  should  be  m a position  to  take  a sclerosed  kidney  of 
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whatever  origin  ami  to  read  backwards,  from  the  evidence  ])re- 
sented  there,  the  stejis  by  which  it  reached  its  final  condition. 
For  this  reason  the  lesions  described  are  briefly  summarized  here. 

The  toxic  lesions  are  much  the  more  common  and  are  of  several 
varieties.  They  may  affect  the  epithelium  of  the  tubules  or  of 
the  capsular  s]iaces,  the  endothelium  of  the  glomeruli,  or  the  ar- 
teries and  afferent  vessels  and  capillaries  of  the  glomeruli. 

The  toxic  lesions  are  usually  acute,  but  may  be  recurrent  or 
chronic.  They  may  terminate  in  complete  recovery  if  the  patient 
survives  (tubular  nephritis  usually,  perhaiis  always);  or  as  the 
result  of  the  jirocess  of  rejiair,  in  sclerosis  of  the  capsular  space 
(capsular  glomerulonephritis),  of  the  glomerulus  (intracap- 
illary glomerulonephritis),  or  of  the  lilood-vessels  (vascular 
nephritis,  arteriosclerosis).  Destruction  of  any  one  of  the  es- 
sential parts  of  a renal  unit  (tul)ule,  capsular  space,  glomerular 
tuft,  afferent  artery)  results  in  atro])hy  and  sclerosis,  or  disap- 
pearance of  the  others.  Sclerosis  of  the  kidney  is  the  sum 
total  of  sclerosis  affecting  jiarts  or  the  whole  of  many  or  all  of 
its  units. 

loxic  lesions,  especially  those  affecting  the  tuliules  and  the 
glomeruli  tend  to  be  (piite  uniformly  distriliuted;  but  in  vascular 
ne])hritis  the  distriliution  is  more  irregular;  groups  of  normal 
glomeruli  may  exist  alongside  of  others  completely  sclerosed. 

Infections  of  the  kidney  may  give  rise  to  abscesses  and  to 
diffuse  inflammatory  processes.  Aliscesses  may  terminate  in 
localized  sclerosis  or  scars.  The  diffuse  inflammatory  processes, 
especially  when  the  infectious  agent  is  of  such  a nature  as  not  to 
cause  extensive  necrosis  and  diffuse  sup])uration,  may  closely 
simulate  nejihritis  of  toxic  origin,  but  the  lesions  are  likely  to 
show  an  irregular  focal  distribution. 

Abnormalities 

Certain  abnormalities  of  the  kidney,  often  microscopic  in 
size,  are  important  on  account  of  the  light  which  they  throw 
on  the  tumors  occurring  in  this  organ.  They  are  the  following: 

1.  Small  masses  of  fibrous  tisssue,  sometimes  including  renal 
tubules,  found  in  the  pyramids.  Occasionally  they  are  multiple. 

2.  Bundles  of  smooth  muscle-cells  sometimes  found  in  the 
cajisule  or  lieneath  it  in  the  renal  tissue. 

3.  Fat  cells  in  the  same  location. 

4.  Solid  clumps  of  cells  resembling  usually  the  cells  of  the 
adrenal  cortex  and  containing  much  fat  and  glycogen. 

5.  Small  glandular  structures  composed  of  simple  glands  or 
having  papillary  projections  in  them,  and  lined  with  simple 
cubical  to  cylindrical  e])ithelium. 
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Ncw-growths.  1 unu)rs  ot  iiiosoiichynial  origin  aro  ran*  in  tlin 
kidney.  The  following  liave  oecniTed: 

1.  I'ihroina  and  fihrosareonia. 

2.  Lipoma. 

3.  Leioni}  oina,  both  slowly  and  rajiidly  growing  types. 

The  most  imiiortant  new-growth  of  the  kidney  is  variously 

named  adrenal  carcinoma,  h}-perne])hroma,  and  Grawitz’s  tumor. 
The  cells  ot  which  it  is  conpiosed  are  unquestionably  to  lie  regarded 
as  epithelial  in  nature;  but  their  origin  is  in  disiiute.  Accord- 
ing to  the  older  and  iirobably  the  better  view  they  ari.se  from  di.s- 
placed  rests  of  adrenal  cells.  Such  rests  can  be  found  within 
the  adrenal  and  in  its  capsule,  in  the  kidney  and  its  cajisule 
along  the  ureter  and  elsewhere.  These  tumors  are  often  rapidly 
growing  aiul  malignant,  invading  the  renal  tissues  and  blood-ves- 
sels and  giving  rise  to  multiple  metastases. 

URINARY  BLADDER 

Introduction.  The  most  important  pathologic  processes  af- 
fecting the  urinaiy  bladder  are: — the  various  lesions  due  to  a va- 
riet}  of  infectious  agents;  the  epithelial  new-growths;  and  the  di- 
latation and  frequent  muscular  hyiiertrophy  of  the  bladder 
wall,  due  to  mechanical  obstruction  to  the  outflow  of  the  urine. 
Di&tui bailees  of  circulation  and  lesions  of  toxic  origin  are  not  of 
much  significance. 

Retrograde  Changes.— A rare  lesion  of  the  bladder  is  ex- 
tensive amyloid  formation  in  its  wall.  The  ani3doid  is  grad- 
ually cleposited  between  the  muscle-cells  and  liy  pressure  atro- 
jihy  rirings  about  their  comiilete  disappearance.  The  proce.ss 
may  affect  a bladder  otherwise  normal,  or  one  already  the  seat  of 
a chronic  cystitis. 

Lesions  of  Mechanical  Origin. — Obstruction  to  the  outflow  of 
urine  by  stricture,  enlarged  jiro.state,  or  other  cause  may  throw 
increased  work  on  the  muscle-cells  of  the  bladder  wall  as  a result 
ot  which  they  undergo  hypertrophy.  Frequently  bundles  of  the 
enlarged  cells  project  like  beams  or  trabeculae  into  the  lumen. 

Dilatation  may  occur  with  or  without  hvpertro]ihy  of  the 
muscle-cells.  Frequently  it  affects  small  areas  on  1 3^  so  that 
le  lesions  aiipear  in  the  form  of  diverticula  which  may  be  con- 
genital and  involve  the  entire  thickness  of  the  wall,  or  acquired 
and  consist  only  of  projections  of  the  mucosa  between  bundles  of 

of  Toxic  Origin.— Chemical  sub.stances  eliminated 
ough  the  kidneys  are  sometimes  irritating  in  the  bladder 
sudi  as  cantharides,  formaldehyd  derived  from  hexamethyl- 
enamme,  and  ammonia  from  decomposition  of  urine.  The  am- 
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monia  formation  ])robal)ly  occurs  oiil}^  as  a complication  of  cer- 
tain infectious  i)rocesses. 

Lesions  of  Infectious  Origin. — Various  infectious  agents 
may  gain  access  to  the  bladder  and  cause  different  degrees  and 
types  of  inflammatory  reaction. 

The  most  common  path  of  entry  is  from  below  by  way  of  the 
urethra,  either  by  direct  extension  or  owing  to  the  passage  of 
instruments.  Infection  also  takes  place  from  above  through  the 
ureter,  and  rarely  by  direct  continuity  from  some  lesion  outside  of 
the  bladder. 

The  most  common  infecting  agents  are  the  colon  bacillus, 
the  ordinary  pus-cocci,  the  gonococcus  and  the  tubercle  bacillus. 
Some  organisms  decompose  the  urine,  setting  free  ammonia 
which  adds  to  the  injury  already  caused. 

The  injury  ordinarily  affects  only  the  lining  epithelium,  but 
occasionally  may  extend  to  the  underlying  tissues.  It  consists 
of  necrosis  which  may  be  very  slight  or  more  or  less  extensive, 
and  ju-esent  the  aj^pearance  of  a membrane. 

The  inhammatory  reaction  varies  greatly,  depending  chiefly  on 
the  virulence  of  the  infecting  organism.  It  may  consist  only 
of  a small  number  of  polynior])honuclear  leukocytes  complicated 
by  desquamation  of  epithelial  cells.  If  the  process  is  more  se- 
vere the  number  of  leukocytes  may  lie  greatly  increased  so  that 
they  will  settle  and  form  a thick  layer  in  the  urine.  If  the  urine 
is  ammonical  the  exudation  of  pus-cells  is  still  more  abundant, 
owing  to  the  increased  irritation,  and  the  cells  may  swell  in  the 
ammonia  and  even  disa])pear,  rendering  the  urine  slimy.  Phos- 
I'/hates  and  carbonates  may  be  deposited  from  the  ammonical 
urine  and  incrust  the  mucous  membrane. 

In  severe  infections  the  lining  epithelium  may  be  more  or 
less  extensively  destroyed  witli  fibrin  formation  on  its  surface, 
or  the  whole  wall  may  be  involved  and  the  process  extend  to  sur- 
rounding tissues  and  organs.  Congestion,  hemorrhages  and 
edema  are  of  freciuent  occurrence. 

The  mildest  type  of  infection  is,  perhaps,  that  due  to  the 
colon  bacillus,  but  the  organism  is  very  persistent.  The  gono- 
coccus also  may  be  present  in  the  bladder  for  years,  causing  a 
mild  to  moderate  chronic  cystitis. 

Malakoplakia. — Rarely  an  organism,  apparently  of  the  colon 
lypc,  gains  access  to  the  submucous  tissue  and  causes  a mild 
inflammatory  reaction  there,  consisting  chiefly  of  an  accumula- 
tion of  endothelial  leukocytes  which  may  collect  in  large  numliers 
so  that  soft  polypoid  masses  iiroject  into  the  cavity  of  the  bladder, 
and  suggest  the  presence  of  some  form  of  tumor.  The  organisms 
are  sometimes  iiresent  in  large  numbers  in  the  leukocytes  which 
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arc  occasionally  multiiiuclcatcd  and  often  contain  other  inclusions 
such  as  lymphocytes  and  red  blootl-corj)uscles. 

Tuberculosis.  Tuberculosis  of  the  urinary  bladder  is  usually 
due  to  infection  from  above  l)y  way  of  the  kidney  and  ureter. 
As  a rule,  it  a]3i)ears  first  as  miliary  tulxu’cles  and  small,  shallow 
ulcerations  around  the  ureter  through  which  infection  occui'red. 
From  there  it  spreads  until  the  whole  bladder  is  involved  and  the 
mucous  membrane  is  more  or  less  coinjiletely  destroyetl.  Less 


Fig.  4o5.— Urinary  bladder, 
nitrated  with  endothelial  leukocytes, 
like  organisms.  M. 


Malakoplakia.  The  suhmucosa  is  in- 
some  of  which  contain  numerous  colon- 


often  the  tuberculous  lesions  apjiear  elsewhere  first,  esiieciallv 
on  the  posterior  wall  of  the  bladder.  ^ ^ 

Tumors.— The  eihthelial  tumors  are  the  most  important  of 
the  new-growths  originating  in  the  bladder.  Several  types  of 
growth  occur. 

The  papilloma  may  be  single  or  multiiile.  The  papillarv 
piojections  are  sometimes  long  and  slender.  The  tumor  i.s  often 
egarded  as  benign,  hui  should  always  be  held  in  suspicion  be- 
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cause  it  almost  always  terminates  as  a malignant  infiltrating  tumor, 
that  is,  as  a carcinoma. 

Other  epithelial  tumors  show  evidence  of  infiltration  from 
the  beginning  and  may  project  little  above  the  surface.  Epider- 
moid cancer  sometimes  occurs. 

iNIixed  tumors  containing  various  tissues  of  mesodermic  ori- 
gin sometimes  arise  in  the  bladder  wall,  Ixit  are  rare. 

URETHRA 

The  urethra  may  be  injured  mechanically  by  direct  external 
violence,  by  the  passage  of  small  stones  from  the  bladder,  or 
most  often  by  the  introduction  of  a catheter  or  a sound.  Any 
lesion  ])roduced  heals  readily  as  elsewhere,  unless  it  becomes  in- 
fected, but  there  is  always  danger  of  a narrowing  of  the  lumen 
(stricture)  as  the  final  result  of  repair. 

The  most  important  lesion  of  the  urethra  is  acute  inflammation 
due  to  infection  with  the  gonococcus.  The  process  starts  near  the 
orifice,  but  extends  to  the  whole  urethra  and  is  likely  to  become 
localized  in  the  membranous  ]iort,ion,  owing  to  the  presence  there 
of  numerous  folds  in  the  mucous  inemlirane.  The  organisms  are 
found  chiefly  or  entirely  within  iiolymorjdionuclear  leukocjdes  in 
the  urethra  and  in  the  lumina  of  the  glands  emjrtying  into  it,  but 
the  toxins  eliminated  by  them  affect  the  cells  in  the  surrounding- 
tissues,  causing  injury  and  inflammatory  reaction.  Sometimes  the 
organisms  invade  the  urethral  wall  and  cause  ulceration  of  it  or 
abscess  formation  adjoining  it. 

The  acute  stage  of  gonorrhea  lasts  but  a few  weeks,  but  the 
infection  tends  to  become  chronic  and  persist  for  years.  As  a 
result  connective-tissue  increase  is  produced  in  the  wall  of  the 
urethra  and  this  later  contracts  causing  stricture. 

Stricture  of  gonorrheal  origin  is  usually  located  in  the  mem- 
branous, less  often  in  the  cavernous  part,  may  be  single  or  multi- 
ple, and  may  extend  for  a few  millimeters  or  several  centimeters. 
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PENIS 

The  important  lesions  affecting  the  penis  are  three  in  number, 
two  of  infectious  origin,  the  hard  and  soft  cliancres,  and  the  thirci 
a new-growth,  the  carcinoma. 

Ihe  haul  chancre  is  alwa^'s  due  to  the  treponema  jiallitlum 
\yhich  is  often  ju’esent  in  large  numbers  in  the  lesion  and  in 
the  exudation  on  the  surface.  The  hard  chancre  starts  as  a 
minute  papule  which  quickly  becomes  excoriated.  The  under- 
lying tissue  is  infiltrated  with  endothelial  leukocytes  and  lympho- 
cytes Polymorphonuclear  leukocytes  are  less  common  except 
on  the  surface.  The  fibroblasts 
show  considerable  proliferative 
activity.  As  the  result  of  the  - _ 

exudation  and  regeneration  the 
lesion  becomes  thick  and  indur- 
ated. If  it  remains  uncomplicated 
by  other  organisms  it  usually 
heals  sjiontaneously  in  the  course 
of  a few  weeks. 

The  soft  chancre  is  due  to 
I)ucie\  s bacillus  which  usually 
jiresents  a fairly  t,ypical  arrange- 
ment in  the  lesions  which  it  pro- 
duces. It  tends  to  grow  in  parallel 
curving  lines.  The  lesions  are 
often  multiple  and  appear  as 
shallow  ulcerations  which  are 
usually  situated  on  the  frenum  or 
in  the  sulcus  glandis.  The  bacilli 
are  often  present  in  large  numbers 

m tlio  exudation  of  leukocytes  on  the  surface.  Tlie  underivine 
ttssue  show.s  a marked  infiltration  with  jilasma  eell.s  ' ^ 

he  carcinoma  of  the  penis  is  of  the  eiiidermoid  variety,  and 
s . inost  ahvays  papillary  in  form  so  that  it  often  sugsests  a 
lenign  painlloma,  or  the  hyperplastic  epithelial  formation  of  in- 
I amniatory  origin  known  as  condyloma  aecuininatum  which  is 
le  iuently  formeil  on  the  penis.  The  carcinoma  often  shows 

site  VT  ^ considerable 

' -^1  prepuce  or  glans,  rarelv  from 

the  epithelium  lining  the  urethra. 
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Fig.  45G. — Chancroid  or  soft 
chancre.  Ducroy’s  bacillus  grow- 
ing in  characteristic  manner  sur- 
rounded by  polymorphonuclear 
leukocytes. 
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TESTICLE  AND  EPIDIDYMIS 

Infectious  lesions  and  jiriinary  new-growths  are  tlie  most 
imi)ortant  pathologic  processes  of  the  testicle  and  epididymis. 
Some  involve  the  one  organ  more  commonly  and  some  the  other. 
The  infectious  lesions  arise  most  often  by  direct  extension  along 
the  genital  tract,  less  often  through  the  circulation. 

1 hey  may  occasionally  be  due  to  the  common  jous  organisms 
(strei)tococGUS  pyogenes,  etc.)  but  are  most  often  caused  by  the 
gonococcus  and  the  tubercle  bacillus. 


Fig.  457.— Soft  chancre;  characteristic  cellular  infiltration  of  tissue  at  base  of 

ulceration. 

d he  gonococcus  fretjuently  travels  directly  through  the  vas 
deferens  to  the  epididymis  and  causes  an  acute  exudation  of 
polymorphonuclear  leukocytes  within  the  lumen  and  of  serum 
and  plasma  cells  in  the  surrounding  tissues.  Occasionally  ne- 
crosis anil  abscess  formation  follow.  The  final  result  of  repair 
may  be  complete  obstruction  of  the  duct  so  that  sjicrmatozoa 
ean  no  longer  escape  into  the  vas  deferens.  Less  often  tlie  infection 
sprearls  to  the  te.sticle  and  causes  more  or  less  diffuse  inflammation 
or  rarely  abscess  formation. 
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Tuberculosis  almost  always  begins  in  the  epididymis  and  ex- 
tends to  the  testicle,  but  primary  tuberculosis  of  the  testicle 
sometimes  occurs  b}'  hematogenous  infection. 

1 he  lesion  usuall^^  starts  in  the  wall  of  the  epididymis,  but 
quickly  extends  to  the  ducts  and  causes  an  inflammatory  exuda- 
tion theie.  Once  within  the  lumina  the  bacilli  spread  rapidly 
and  im  olve  the  whole  of  the  epididymis.  The  inflammatory 

exudation  causes  thickening  of  the  wall  anti  in  time  undergoes 
caseation. 


Fig. 


4oS.  Epididymis.  Acute  with  beginning  abscess-formati 

uuc  to  the  (liplococcu.s  gonorrluea'.  M. 


The  process  may  spre.-ul  r.apidly  through  tlie  tuhules  in  tlic 
test.ele,  or  more  slowly  l,y  way  of  flie  lymphatics  and  result 
m more  or  less  extensive  areas  of  caseation. 

nkvsT*’l''‘*  frfquent.  It  practically 

tesnec  rr;;  epididymis.  In  this 

dneorfry^^  ^ ^ opposite  of  tuberculosis.  The  lesion  pro- 
a.y  3e  only  a diffuse  inflammatory  process.  More  often 
necrosis  occurs  so  that  the  term  gumma  is  applied  to  it.  Repair 

ized  fo<f  ,‘f  ““'’b'”'  “■  "1  '““I- 

izctl  lou  of  scar  formation. 
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In  inuiii])s  the  infectious  aj>,ent,  wliicli  is  still  unknown,  occa- 
sionally involves  the  testicle  ami  causes  an  intense  acute  in- 
hainniatory  exudation  with  much  swelling.  Histologically  there 
is  extensive  neciosis  which  calls  out  an  exudation  of  serum  and 
polymorphonuclear  leukocytes,  Frank  sujij^uration  is  rare. 

In  variola  it  is  common  to  find  numerous  foci  of  necrosis  in 
the  testicle  with  a moderate  to  well  marked  inflammatory  reaction 
around  them.  They  do  not  go  on  to  su])])uration. 

Sclerosis  of  the  testicle  is  fairly  common.  It  may  be  ex- 
tensive or  affect  only  small  areas  here  and  there.  It  is  an  end 
result  due  to  repair,  not  a chronic  orchitis  due  to  the  continuous 
action  of  an  agent.  To  say  what  the  acute  lesion  was  which 


Fig.  4.59. — Khabdomyosarcoma  of  tosticlp.  M. 


caused  it  is  usually  imjio.ssihle.  All  of  the  lesions  which  have 
bei'U  descrilied  may  heal,  although  some  are  more  likely  to  than 
others.  A full  knowledge  of  tlie  jiatient’s  jirevious  history  may 
solve  the  difficult}',  \hariola  leaves  its  characteristic  marks  else- 
where and  syiihilis  may. 

In  one  in, stance  a sclerosed  testicle  contained  within  dense 
fibrous  ti.ssue  numerous  chole.sterin  cry.stals  surroumk'd  by  giant- 
cells,  evidently  the  last  remains  of  fat  which  owed  its  jire.sence 
originally  to  an  abscess. 

Tumors. — ddie  commonest  tumor  of  the  te.sticle  is  the  embry- 
^)ina.  It  a))]K‘ars  most  oftc'ii  as  a cellular,  rapidly-growing  tumor 
with  litth'  stroma  and  fairly  chara(d('ristic  c('lls  which  show  no 
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jlifferoiithition.  'J'his  form  of  tl.o  tumor  l,a.s  often  been  elassi- 
tied  m the  past  both  as  a carcinoma  and  as  a sarcoma.  When  tlio 
tumor  sroivs  more  slowly  so  that  the  cells  liav-e  opportunity  to 
c 1 eientiate,  various  recognizable  types  of  cells  and  tissues  may 
be  formed:  cartilage,  bone,  striated  muscle-cells,  neuroglia  tissue 

epithelial  structures,  etc.  Dermoid  cysts  such  as  occur  in  the 
ovar}^  are  rare. 

SEMINAL  VESICLES 

1 he  seminal  vesicles  and  the  vas  deferens  are  both  exposed  })v 

traet  to  infections  involving  the  genital 

losi^  ^ ^ ^ nnportant  are  gonorrhea  and  tubercu- 

PROSTATE 

Introduction.— The  most  important  lesions  of  the  prostate 
are  the  infectious  processes,  including  tuberculosis;  primary  carci- 
noiiia;  and  iiiost  frequently  of  all,  the  condition  known  as  hyper- 
tro,d ly  of  the  prostate.  Other  lesions  are  of  minor  consideration 
prostate  develops  only  partially  or  not  at  all  in  the  cas- 
rated,  and  castration  in  the  adult  sometimes  leads  to  its  atrophy 

In  old  age  the  prostate,  instead  of  undergoing  atroohv  iihe 
O her  organs,  gradually  enlarges  to  a moclerate  clegree  both  t l e 
giamis  and  the  stroma  share  in  the  enlargement. 

Iwo  postinortem  changes  are  worth  noting;  marked  des 
quan  atton  of  he  epithelium  lining  the  glands  is  very  comin'm 

and  the  smooth  muscle-cells  are  often  swollen  or  iunipy  and’ 
hyaline  m their  centers.  ana 

fornntbT^of^eor^^^^^  ^^S^^ificance  is  the  common 

ormation  of  corimra  amylacea  in  the  adult.  These  Imdies  arp 

bue  an  am^loid-hke  reaction  with  lodin.  They  varv  consitlpr 
1.V  in  size  and  may  occur  singly  or  in  large  clumps. 

Klood  pigment  is  .sometimes  found  within  endothelial  leiikn 

oi  h:;n'rrhi«e.*'"  the  r^' 

lini  11-™' |.“.Sroniiles  and  droplets  occasionally  occur  in  the  enithe 
hal  cells  lining  the  glands  and  may  be  very  numerous.  ‘ 

P.Mvmii  V ^ ^ corpora  amylacea.  Whether  the  no 

ofthttesrsimt:i:y:vii''^^^  t “-'-ion 

The  -crotio,ivaries^liuci;iiri;:;S::;:c::'.l!m 

-.1  wa  ery,  at  other  times  thick  and  dei’ise,  s,:gg:b'i  "fs  " 
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material.  Occasionally  it  contains  feathery  or  crystalline  masses. 
In  one  instance  the  secretion  was  greenish  in  color  ami  resembled 
thick  i)us.  The  epithelium  lining  the  dilated  glands  is  thin  and 
flattened. 

The  secretion  and  corpora  amylacea  in  the  glands  some- 
times seem  to  exert  a toxic  influence,  just  as  colloid  does  in  the 
thyroid,  attracting  numerous  endothelial  and  occasionally  poly- 
mor])honuclear  leukocytes  into  the  lumina.  These  cells  often 
attack  and  dissolve  the  liodies  and  sometimes  form  foreign  body 
giant-cells  around  fragments  of  them. 


Fig.  460. — Prostate.  Corpora  amylacea  within  a dilated  gland.  En- 
dothelial leukocytes  are  applied  to  the  surface  of  some  of  them  and  in  places 
are  fusing  to  form  foreign  body  giant-cells.  M. 

Lesions  of  Infectious  Origin. — Infection  of  the  ])rostate  gland  is 
relatively  common.  It  takes  ]ilace  more  often  by  direct  extension 
from  the  urinary  tract  than  metastatically  through  the  circulation. 

The  lesions  of  embolic  origin  are  most  often  due  to  the  stajiliylo- 
coccus  aureus  and  usually  take  the  form  of  abscesses,  which  may 
enlarge,  coalesce  if  multi])le,  and  rujiture  into  the  bladder,  urethra 
or  rectum,  cause  diffuse  suppuration  of  the  ])clvic  tissues,  or  re- 
sult in  the  escape  of  urine  and  its  diffusion  into  the  scrotum  and 
subcutaneous  tissues. 

Infection  by  extension  from  the  urinary  tract  frequently 
follows  gonorrheal  infection  of  the  urethra,  but  is  most  common 
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as  the  result  ot  tlie  iiilectioii.s  and  injuries  due  to  catheterization. 
Ihe  colon  Inicillus  is  the  most  frequent  injurious  agent  under 
these  conditions,  hut  the  stajiliylococcus  aureus,  the  strejitococcus 

I)}T)genes  and  other  micro-organisms  may  gain  entrance  in  the 
same  way. 

The  infecting  organisms  cause  an  acute  inflaniniator}^  exuda- 
tion consisting  chiefly  of  serum  and  i)olynior])honuclear  leuko- 
cytes which  accumulate  in  the  glands  and  ducts,  dilating  them 
and  thereby  enlarging  the  prostate.  The  interglandular  tissue 
IS  often  destroyed  and  abscesses  formed.  The  infection  due  to 
le  colon  bacillus  and  especially  to  the  gonococcus  may  become 
chronic  m form.  The  gonorrheal  jirocess  is  lialile  to  lie  mild 
and  the  exudation  of  the  so-called  catarrhal  type.  The  stroma 
often  shows  marked  infiltration  with  lymphoc3des  which  some- 
times collect  m masses.  Eosinophiles  are  sometimes  numerous 
both  in  the  stroma  and  within  the  dilated  lumina  of  the  glands. 

Tuberculosis.— Tulierculosis  may  start  in  the  prostate  by 
blood  infection  or  by  extension  from  elsewhere  in  the  genito- 
urinary tract.  The  lesion  may  begin  as  a miliary  tubercle  in 
le  interglandular  tissue,  or  as  an  exudation  in  a duct  or  gland 
according  to  the  location  of  the  invading  organism.  As  the  bacilli 
multiply  and  spread  other  tubercles  an-  formed.  These  develop 
ami  tu.se  so  that  large  caseous  masses  result.  If  the  lesion  starts 
m the  stroma  the  bacilli  usually  gain  access  to  the  glands  which 
become  dilated  with  an  exudation  consisting  for  the  most  part  of 
end,,tl,eha  leukocytes.  If  the  infection  starts  in  the  S or 
iinohe.s  thein  ear  y it  may  remain  practically  confined  to  them 
one  instance  the  organisms  grew  in  them  in  great  numi!™' 
often  in  sinuous  masses,  causing  but  little  inflammatory  exudation 
and  only  in  places  involving  the  surrounding  stroma.  ' 

Pi.int  oTliew^f'^"^’’?  ”’”®*  f'-oi"  a mechanical 

I's  hkertnmiiv  TH  ‘"‘‘’'’'''Pi:  affecting  the  prostate 

nl  ge  S ae  to  ai  y “coT;  ; ht'""'"  ^’'""'1 

^ ^ause.  It  is  commonly  re.stricted  to 

chiomc  enlargements  not  due  to  tuberculosis  or  new-growth 
‘ imp  e accumulation  of  the  secretion  within  the  clamE 
occasionally  with  inspissation  of  it,  and  the  formation  of  corpora 

prS  air  Thir''l  «>largement  of  Tl  e 

.'oaction  is  excited  and  lerirr^r^rV  d to  r'gHrk 

and  lymphocytes  into  the  stroma  ® 
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tliem  iind  the  intcrgUinduhir  tissue  is  edematous  and  contains 
many  lym])hocytes. 

Enlargement  is  also  caused  by  the  accumulation  of  secretion 
within  the  glands  and  dilatation  of  them  following  an  inflammatory 
process  which  has  closed  one  or  more  of  the  many  ducts  of  the 
]>rostate.  The  dilated  glands  under  this  condition  ma}^  contain 
a clear  watery  fluid. 

Occasionally  the  connective  tissue  is  more  or  less  increased 
in  amount.  An  increase  of  the  muscle  tissue  is  asserted  by  some 
to  occur.  It  is  doubtful  if  this  can  be  anything  more  than  a 
hypertrophy  of  existing  muscle-cells,  because  a hyperplasia  of 
them  ajiparently  does  not  take  jilace,  and  a leiomyoma  would 
form  a discrete  nodule  just  as  it  does  in  the  uterus  or  elsewhere. 

Another  type  of  enlargement  of  the  prostate  is  due  to  a hy- 
perplasia of  the  glands,  a condition  which  is  sometimes  marked. 
It  may  lie  complicated  by  tlilatation  of  some  of  the  glands  and  by 
inflammation.  The  cause  of  the  hyperplasia  is  not  evident.  It 
may  be  more  or  less  focal  or  diffuse.  The  stroma  between  the 
hyperjilastic  glands  contains  smooth  muscle-cells,  as  in  the  normal 
prostate,  in  addition  to  fibroblasts  and  blood-vessels.  This  ])oint 
is  much  against  the  glandular  hyperplasia  being  regarded  as  an 
adenoma,  as  advocated  by  some  writers. 

Glanclular  hy])erplasia  combined  with  more  or  less  dilatation 
seems  to  cause  the  most  marked  exainjiles  of  hypertro]ihy.  In 
one  instance  the  two  lobes  remov('d  at  o]ieration  weighed,  after 
hardening  in  alcohol,  172  grams  and  measured  8.5  x 5 x 5.5  cm. 
and  8 X 5.5x4  cm.  respectively.  As  a rule  the  weight  of  enlarged 
prostates  does  not  go  above  50  to  100  grams. 

The  consistence  of  the  enlarged  jirostate  is  usually  elastic. 
On  section  the  cut  surface  may  be  smooth,  or  streaked  with 
fibrous  bands,  or  the  glandular  portions  may  project. 

Tumors. — The  most  frequent  and  important  tumor  of  the 
prostate  is  the  carcinoma.  It  occurs  especially  in  old  men. 
Sometimes  it  causes  little  or  no  enlargement  of  the  organ  and  may 
require  microscopic  examination  to  determine  its  jiresence.  In 
other  instances  the  prostate  is  much  enlarged  and  the  tumor  may 
extenfl  to  the  surrounding  tissues  and  into  the  bladder. 

Histologically  the  tumor  cells  are  usually  small,  jiolymorjihous 
and  arranged  in  solid  masses  and  cords  which  may  be  small  or  large. 
Occasionally  the  cells  are  arranged  in  gland-form.  Rarely  the  cells 
are  large  as  the  result  of  considerable  cytoiilasm  around  the  nuclei. 

A marked  peculiarity  of  cancer  of  the  prostate  is  that  early  and 
numerous  metastases  in  the  bones  are  common  and  the  stroma 
which  is  formed  for  them  there  from  the  osteal  fibrolilasts  often 
reveals  its  nature  by  forming  true  bone  (osteoplastic  carcinoma). 


FEMALE  GENITAL  ORGANS 

UTERUS 

The  most  imj)ortant  lesions  of  the  uterus  are  the  infectious 
processes  and  the  tumors. 

Anatomy.— The  surface  and  the  slightly  spiral  glands  of  the 
nucous  niembrane  ot  the  body  of  the  uterus  are  lined  with  cyl- 
indnc  epithelial  cells  which  are  to  some  extent  ciliated.  The 
g ands  often  extend  normally  to  some  depth  into  the  muscle  wall 
Between  the  glands  are  spindle-shaped  fibroblasts  surrounded  bv 
cl  small  number  of  collagen  fibrils. 

1 he  cervix  and  its  glands  are  lined  with  tall  cylindric  mucus- 

rmm  fibroblasts  between  them  are  sur- 

rounded by  fairly  numerous  collagen  filirils. 

Menstruation.— At  the  time  of  menstruation  certain  changes 

cur  111  the  uterus.  A knowledge  of  these  changes,  especially 

of  the  hypertrophic  condition  of  the  uterine  glands, ^is  important 

tronh‘r  recognized  the  glandular  Imierl 

cwtdngT''  misinterpreted  in  the  examination  of  uterine 

1 urgescence  of  the  mucous  memirrane  begins  eiglit  davs  be 
ore  menstruation  and  gradually  increases.*^  At  rit  hue  o 
mensnuation  three  tvell-charaoterized  layers  can  be  reci^Tized 

..1  •ii'st  or  compact  layer  consists  of  file  mouths  of  tlie 

glands  with  enlarged,  swollen  fibroblasts  packed  betw^een  them 
i li  e seconil  or  spongy  layer  is  composed  of  dilated  glands 
Witl,  heir  walls  tlirown  into  folds.  The  glands  are  ineil  w fh 
vacuolateil,  swollen  epithelial  cells  filled  witii  mucus. 

i.  f he  third  or  basal  layer  consi.sts  of  the  lower  ends  of  the 
glands  wlncli  .are  not  .altered. 

aml^hcn'^  menstruation  the  glands  disch.arge  their  secretion 
a d hemorrhages  occur  all  through  the  mucous  meini.rane  all 
also  on  the  surface  and  into  the  glands.  P.art.s  of  the  surface 
compact  l.ayer  are  cast  off  .and  .small  defects  result  in  consequeLe 
to  ““sfiiation  the  mucous  membr.ane  gradually  return^ 

occu'^r'phyril"^ 
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occurs  iiiuler  other  conditions  and  clinically  may  he  of  much 
importance  in  calling  attention  to  some  new-growth  within  the 
uterus,  to  iilacenta  iiraevia,  or  to  some  other  ahnormal  condition. 
Occasionally  in  old  women  an  agonal  hemorrhage  or  apo])lexia 
uteri  is  found. 

Lesions  of  toxic  origin  do  not  occur  except  from  the  intro- 
duction of  chemical  sulistances  into  the  uterine  canal,  either  for 
the  pur]X)se  of  producing  abortion  or  for  medication  or  production 
of  ase])sis.  INIore  or  less  extensive  necrosis  of  the  surface  and 
acute  inhammatoiy  exudation  ma}^  result. 

Lesions  of  infectious  origin  are  common  in  the  uterus.  They 
most  frequently  follow  instrumental  ]iroduction  of  abortion  and 
the  em])loyment  of  forceps  in  lal)or,  but  may  occur  even  in  connec- 
tion with  normal  labor.  Streiitococcus  infections  are  the  most 
dangerous  liecause  they  are  liable  to  extend  to  the  lymjihatics, 
which  become  dilated  and  filled  with  ])us,  and  to  spread  into  the 
broad  ligament.  The  inner  surface  of  the  uterus  may  undergo 
more  or  less  extensive  necrosis.  Placental  remains  and  hem- 
orrhages often  complicate  the  condition.  The  inflammatory 
exudation  on  the  surface  and  in  the  tissues  varies  according  to 
the  nature  of  the  infecting  organism  and  the  degree  of  injury  done. 

Infection  with  the  gonococcus  often  occurs  by  extension  from 
the  vagina,  and  while  not  jiarticularly  virulent,  causes  an  abun- 
dant mucopurulent  secretion  and  the  inflammatory  condition  it 
produ(*es  is  likely  to  persist. 

Infection  with  the  tubercle  liacillus  is  comparative!}'  rare. 
It  may  arise  l)y  blood  infection,  Init  usually  results  by  direct  ex- 
tension from  a chronic  tuberculous  process  in  an  oviduct. 

IIyi)ertro])hy  of  the  uterine  mucous  mem])rane  is  a fairl}'  com- 
mon condition.  The  glands  liecome  elongated,  more  or  less  tortu- 
ous and  present  numerous  small  projections  into  the  lumina. 
Some  of  the  glands  may  b('  dilated  into  small  cysts.  The  cause 
of  the  condition  is  not  fully  understood,  but  is  evidentl}^  various. 

Cysts  due  to  distension  of  the  glands  of  the  cervix  (ovula 
Xabothi)  are  of  common  occurrence  and  of  little  or  no  significance. 
INIore  important  lesions  of  the  cervix  are  la(;erations,  inflamma- 
tory erosions  and  true  erosions.  A condition  simulating  erosion 
and  usually  so  called  seems  to  be  of  congenital  origin,  due  to  a 
part  of  the  vaginal  portion  of  the  cervix  being  lim'd  with  c}flindric 
instead  of  pavement  epithelium. 

Tumors. — The  important  tumors  of  the  uterus  are  the  carci- 
noma and  the  leiomyoma. 

P>enign  polypi  occur  occasionally.  In  the  body  of  the  uterus 
they  usually  arise  from  a l)road  base  at  the  fundus,  and  grow  to- 
ward the  cervix,  conforming  to  the  shape  of  the  cavity  which  they 
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often  eonipletely  fill  and  nui}'  distend,  t^ixternally  they  are  cov- 
ered with  epithelium  like  the  uterine  mueosa.  The  proj)ortions 
of  glantls  and  sti'oma  vary  considerably  in  different  instances. 
Sometimes  the  glantls  are  dilated  into  small  cysts.  Poly])i  of 
the  cervical  canal  ma}^  ])roject  into  the  vagina. 

i he  cause  of  the  formation  of  these  ])ol\'^pi  is  not  known, 
d he\  are  })iobably  best  regarded  as  due  to  a local  liypertroj)hy 
of  the  uteiine  mucosa,  rather  than  as  true  tumor  formations 
like  the  benign  adenomas  of  maiyy  other  organs. 

1 he  carcinoma  occurs  in  several  forms  which  are  named  accord- 
ing to  the  t}^pe  of  ej^ithelium  from  which  they  arise,  or  the  manner 
in  vhich  the  cells  are  arranged,  namei}^,  malignant  adenoma, 
adenocarcinoma,  alveolar  carcinoma,  e])idcu‘moid  carciiioma. 

Not  infrequently  two  or  three  of  the  types  and  rarely  all  four 
are  found  associated  in  a single  tumor.  To  the  clinician  the  lo- 
cation of  the  tumor,  whether  at  the  fundus  or  in  the  cervix,  is  of 
moie  impoitance  than  its  exact  histologic  classification. 

Cancer  of  the  fundus  may  be  localized  in  a small  area  and 
yet  extend  through  the  entire  muscle  wall.  IMore  often  it  quickly 
infiltrates  and  de.stroys  the  lining  mucous  membrane  and  invades 
the  muscle  wall  more  slowly.  It  may  project  into  the  uterine 
cavity  and  cause  more  or  less  distension  of  it. 

Cancer  of  the  cervk  may  arise  from  the  mucous  glands  or  from 
t le  covering  epidermis.  The  epidermoid  type  of  growth  is  occa- 
sionally complicated  by  an  extreme  infiltration  with  eosino]ffnles. 
In  one  instance  metastases  of  one  of  these  tumors  into  the  lungs 
showed  a similar  infiltration  with  eosinophiles.  The  cause  of 
the  unusual  infiltration  is  not  evident. 

The  leiomyoma  is  the  commonest  tumor  of  the  uterus.  It  may 
be  single  or  multiple,  small  or  large.  It  always  starts  in  the 
muscle  layer  and  may  remain  there  or  be  forced  into  a sub- 
mucous or  subperitoneal  position.  It  is  usually  sharply  circum- 
scribed, but  may  grow  diffusely  and  be  poorly  defined,  being 
muted  to  a part  of  the  uterine  wall  or  involving  jwactically  all 

of  It,  and  causing  a uniform  thickening  and  great  enlargement  of 
the  uterus. 

Occa.sionally  the  leiomyoma  grows  raj^idly,  infiltrates  the 
surrounding  tissue  and  may  give  rise  to  metastases.  The  cells 
usually  retain  a spindle  shape,  but  occasionally  become  more  or 
less  spherica  . ]\Iitotic  figures  may  be  numerous  and  sometimes 
multi])le  so  that  true  tumor  giant-cells  are  formed. 

The  discrete  leiomyoma  occasionally,  and  the  diffusely  growing 
form  of  It  frequently,  are  complicated  by  the  presence  of  glands 
\\  nch  resemble  closely  those  in  the  uterine  cavity,  are  surrounded 
3y  the  same  kind  of  fibroblasts,  and  bear  the  same  relation  to  the 
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adjoiiiiiifi;  muscle  layer,  lliis  loriii  of  leiomyoma  is  often  called 
an  atlenoinyoma.  Cullen  has  clearly  shown  that  in  at  least  the 
gieat  majority  of  instances  these  glands  are  directly  connected 
with  the  uterine  mucosa.  They  are  probaldy  to  be  explained, 
not  as  an  ingrowth  of  the  mucosa  into  the  muscle  wall,  but  as 
mucous  membrane  forced  out  of  its  normal  situation  by  the  growth 
of  the  leiomyoma  which  started  near  it  and  more  or  less  completely 
surrounded  portions  of  it.  By  the  growth  of  the  leiomyoma  the 
mucous  membrane  continues  to  be  stretched  and  dislocated,  al- 
though certainly,  as  a rule,  retaining  its  direct  connection  with 
the  uterine  mucous  membrane. 

OVIDUCT 

The  most  important  lesions  of  the  oviducts  are  of  infectious 
origin.  The  gonococcus  is  the  commonest  etiologic  agent.  Next 
in  importance  is  the  tubercle  bacillus. 

Anatomy.  ^ he  mucous  membrane  of  the  oviducts  is  thrown 
into  folds  running  lengthwise  of  the  tube  and  is  lined  with  ciliated 
cylindric  epithelium.  In  one  instance  a small  portion  of  it  was 
lined  with  iiavement  epithelium.  The  muscle  coat  directly  ad- 
joins the  mucous  membrane.  Small  gland  cavities  lineirwith 
ciliated  epithelium  and  surrounded  with  a layer  of  smooth  muscle- 
cells  are  frequently  present  beneath  the  mesothelial  covering  of 
the  tubes.  They  are  jirobably  remains  of  the  Wolffian  duct  and 
ma}/  be  the  starting  point  of  some  of  the  tumors  usually  considered 
to  arise  from  the  ovary. 

Lesions  of  Infectious  Origin. — The  oviduct  may  be  infected 
by  direct  invasion  of  organisms  either  from  l)elow  through  the 
uterus,  from  above  through  the  fimbriated  end  and  the  peritoneal 
cavit}/ , or  meta.statically  through  the  circulation.  Infectious 
processes  rarely  start  ]irimarily  in  it;  it  usually  becomes  sec- 
ondarily involved,  but  the  lesion  in  it  is  often  more  important 
than  the  primary  one.  Infection  may  be  due  to  the  ordinary  pus 
organisms,  but  the  most  common  infecting  agent  is  the  gonococcus. 

Lesions  due  to  the  streptococcus  pyogenes  and  similar  bacteria 
usually  run  an  acute  cour.se,  and  are  generally  secondarj^  to 
uterine  infections  following  abortion  or  labor,  or  to  aiipendicitis 
and  pi'ritonitis.  In  one  in.stance  it  followed  imeumococcus  in- 
fection of  a corpus  haemorrhagicum. 

Snlpingitis  is  most  often  due  to  the  gonococcus.  The  projior- 
tion  is  placed  at  seventy-five  to  eighty  per  cent.  The  process  is 
es.sentially  chronic  and  may  persist  for  months  or  years.  In 
the  acute  stage  the  lumen  of  the  tube  is  filled  with  polymorpho- 
nuclear leukocytes  many  of  which  contain  gonococci.  In  the 
later  stages  it  may  be  difficult  or  impo.ssil)le  to  demonstrate  their 
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piesc'iice,  altliough  cultures  olteii  show  them  jiresent  when  smears 
do  not. 

The  mucous  membrane  is  infiltrated,  according  to  the  dura- 
tion of  the  infection,  with  polynioriihonuclear  leukocytes,  jilasma 
cells,  eosmophiles  and  occasionally  with  endothelial  leukocytes 
hlled  with  fat-droplets. 

Sometimes  the  various  leukocytes  infiltrate  the  muscle  coat 
more  or  less  extensively  and  the  fibroblasts  are  usually  stimulated 
to  reparative  proliferation,  so  that  much  thickening  of  the  wall 
may  be  caused.  The  lining  epithelium  of  the  mucous  membrane 
IS  occasionally  destroyed  in  places. 

Fibrin  formation  on  the  peritoneal  surface  of  the  tube  usually 
leads  to  organization  and  the  formation  of  fibrous  adhesions  with 
tlie  surrounding  structures,  especially  with  the  ovaries. 

As  the  result  of  the  infection  and  the  inflammatory  reaction 
to  1 the  oviduct  IS  often  enlarged,  its  lumen  dilated  and  its  wall 
thickened.  It  may  be  much  distorted  in  consequence  of  ad- 
hesions which  tie  it  down  at  various  points.  The  fimbriated  end 
IS  often  occluded.  Repair  of  ulcerations  within  the  lumen  and 
organization  of  fibrin  may  cause  adhesions  between  the  folds  of 
mucous  membrane  and  more  or  less  obliteration  of  the  depressions. 

I uberculosis  is  an  occasional  lesion  of  the  oviduct.  The  tube 
may  become  involved  secondarily  to  a tuberculous  peritonitis,  but 
the  infection  usually  starts  from  a miliary  tubercle  of  hematoge- 

mrl  A ^ f entrance  to  the  lumen 

d give  rise  to  an  exudation.  Rarely  this  may  be  so  abundant 

Iiron^imtnn sausages. 
In  mie  instance  they  weighed  two  pounds  apiece. 

frequent  and  is  the  most  common 
hemorrhage  in  the  oviduct  and  of  ru,; 


OVARY 

“'■■'‘'■y  oecupy  tlie  first  place  among  the 
pathologic  conditions  affecting  it.  S 

ofteIflT'“"*  ^ mflammatory  exudation  or  more 

often  ahsoess  forma  , on,  vvliieh  may  he  surrounded  with  a thick 

nail  of  granulation  tissue.  The  infections  usually  arise  secondan 

o acute  processes  in  the  neighborhood,  such  as  a gonZtai 

inflctf  *'*r  “"“™te  appendicitis,  or  by  extension  of  a^puerperal 
1 ifection  through  the  broad  ligament. 

Tuberculosis  may  arise  by  direct  infection  from  a tubercn 
lous  peritonitis,  or  a salpingitis.  tubercu- 

Cysts.— Several  varieties  of  cysts  occur  in  the  ovary.  Two 
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arise  in  conncetioii  with  new-^rowths.  Three  are  due  to  disten- 
sion of  jireexistin^-  cavities  and  will  be  considered  liefore  the 
others. 

1.  The  first  variety  of  retention  cyst  is  due  to  dilatation  of 
^land-like  cavities  which  are  jirobahly  remains  of  the  Wolffian 
duct.  i\Iany  of  the  cells  are  ciliated. 

2.  The  second  variety  is  due  to  distension  of  ovarian  follicles 
and  is  lined  with  non-ciliated  ejiit helium. 

3.  The  third  results  from  softening  and  an  accumulation  of 
fluid  in  the  center  of  a corjuis  luteum  or  filirosum. 

Tumors. — The  e]iithelial  tumors  of  the  ovary  are  the  most 
frequent  and  important.  They  are  divided  into  three  varieties 
according-  to  their  type  of  g;rowth. 

1.  The  adenocystoma  is  composed  of  glands  and  cysts  lined 
with  cAdindric  epithelium  and  filled  with  a thin  to  thick  fluid 
containing  pseudomucin.  The  tumors  may  attain  a very  large 
size  and  are  usually  benign. 

2.  The  'papillary  adenocystoma  is  more  likely  to  contain  one 
cyst  than  many,  does  not  attain  a very  large  size  and  is  filled 
with  a thin,  serous  fluid.  Papillary  outgrowths  may  project 
from  tlie  wall  at  only  one  spot,  or  line  the  whole  inner  wall  and  fill 
the  lumen  of  the  one  or  more  cysts  present.  Papillary  outgrowths 
may  also  occur  on  the  outside  of  the  tumor  and  even  mask  the 
cyst  formation.  The  epithelium  lining  the  cysts  and  papillary 
projections  is  tall,  cylindric  and  often  ciliated.  The  stroma  may 
be  slight  or  abundant.  This  variety  of  tumor  may  give  rise  to 
metastases  in  the  peritoneal  cavity  and  must  be  regarded  with 
greater  suspicion  than  the  adenocystoma. 

3.  The  carcinoma  gives  rise  to  a solid  tumor  often  of  a peculiar 
yellow  color  and  usually  with  an  abundant  dense  stroma. 

The  fibroma  is  rare  and  usually  small,  but  may  occasionally 
attain  a large  size.  In  one  patient  each  ovary  contained  a fi- 
broma; one  was  very  large,  the  other  small;  both  caused  symmet- 
rical enlargement  of  the  ovaries. 

The  teratoma  is  more  common.  It  is  usually  cystic  in  form 
(dermoid  cyst)  but  sometimes  solid  and  may  contain  a great 
variety  of  histologic  elements. 

MAMMARY  GLAND 

The  mammary  gland  is  composed  of  ducts  and  glands  lined 
with  two  layers  of  epithelial  cells,  the  inner  cubical,  the  outer 
long  and  cylindric  with  fibrils  in  the  cuticle,  in  consequence  of 
which  they  are  usually  regarded  as  smooth  muscle-cells  of  epithe- 
lial origin.  The  ducts  near  their  outlet,  the  nipple,  are  lined 
with  eihderniis. 
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The  stronui  of  the  mammary  gland  consists  of  abundant  con- 
nective tissue  in  which  occur  occasional  smooth  muscle-cells. 

Lesions  of  Toxic  Origin. — Ketained  secretions  in  the  tlucts 
and  glands  sometimes  lead  to  trouble.  Fat  often  attracts  endo- 
thelial leukocytes.  Fat  and  cholesterin  crystals  formed  from 
the  fat  may  cause  the  endothelial  leukocytes  to  fuse  together 
into  foreign  body  giant-cells.  The  lining  eiiithelium  is  sometimes 
destroyed. 

The  irritation  caused  by  these  retained  ]iroducts  of  secre- 
tion seems  to  have  some  causal  relation  to  the  foci  of  eiiithelial 
jiroliferation  so  often  found  in  cases  of  chronic  mastitis. 


Fig.  461.  Mammary  gland.  Chronic  mastitis.  Giant-cell  formation  around 
masses  of  fat  crystals  formed  from  the  glandular  secretion.  M. 

Lesions  of  Infectious  Origin. — The  ducts  and  glands  of  the 
breast  are  sometimes  infected  with  pus-cocci,  most  often  during 
the  nursing  ]ieriod.  The  ]irocess  may  sjiread  more  or  less  widely 
in  the  ducts  and  glands  and  cause  diffuse  inflammation,  or  more 
or  less  extensive  abscess  formation. 

Tuberculosis  occurs  occasionally. 

Tumors.  Several  types  of  epithelial  tumors  arise  in  the 
mammary  gland. 

The  most  common  is  the  adenoma  which  may  grow  in  simple 
gland  form,  but  more  often  has  papillary  or  finger-like  projections 
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of  stroma  into  it,  which  stretch  and  distort  the  glands  and  often 
force  their  epithelial  surfaces  closely  together. 

Pajiillary  growths  within  the  ducts  and  glands  are  not  infre- 
quent and  are  always  to  be  regarded  with  susjiicion,  because  their 
tendency  is  finally  to  invade  the  surrounding  stroma  as  full- 
fledged  cancers.  Sometimes  they  distend  the  ducts  and  glands 
and  fill  them  with  proliferated  cells  before  invasion  takes  place. 
This  t}7)e  of  tumor  is  frequently  found  in  connection  with  chronic 
mastitis  of  toxic  origin  due  to  retained  products  of  secretion. 

Carcmo77ia  of  the  mammary  gland  is  the  most  common  type  of 
cancer  with  which  women  are  afflicted.  It  may  form  large, 
rapidly-growing  masses,  or  small,  dense  nodules;  be  sharply 
circumscribed  or  diffusely  infiltrating,  sju-eading  slowly  in  the  con- 
nective tissue  and  rapidly  in  the  lymph-vessels  and  within  the 
ducts.  It  may  invade  tlie  overlying  epidermis  or  the  pectoral 
muscles  beneath.  Extension  to  the  axillary  lymph-nodes  is  of 
common  occurrence  and  often  takes  i^lace  early.  In  one  instance 
where  a cancer  one  cm.  in  diameter  was  present  in  the  nipple  the 
axillary  lymph-nodes  showed  extensive  infiltration. 

Colloid  cancel'  sometimes  occurs. 

Cancer  of  the  mammary  ducts  may  be  epidermoid  in  type  and 
sometimes  spreads  in  the  deeper  layer  of  the  epidermis  around 
the  nipple,  causing  ulceration  (Paget’s  disease  of  the  nipiile). 
An  occasional  tumor  occurring  in  the  breast  is  the  osteochondro- 
fibrosarcoma. 


PLACENTA 

The  important  lesions  of  the  placenta  are  the  hydatidiform 
mole  and  tlie  chorionepithelionia.  Infectious  lesions  are  com- 
paratively rare. 

Infarcts  of  the  placenta  are  common,  due  to  fetal  cells  invad- 
ing the  veins  and  arteries  in  the  uterine  mucosa  and  causing  ob- 
struction or  bringing  aliout  hemorrhages.  As  a result  of  disturb- 
ance of  the  maternal  circulation  the  villi  are  no  longer  batlied  in 
blood.  I hey  may  necrose  and  become  compacted  together, 
or  be  driven  apart  by  hemorrhage.  The  infarcts  usually  appear 
yellowish  white  and  opaque  and  of  varying  size. 

Hydatidiform  mole  is  of  importance  owing  to  its  relation  to 
chorionepithelioma.  It  is  due  to  edema  of  the  mucous  connec- 
tive tissue  of  the  chorionic  villi  whiiE  are  sometimes  greatly  ex- 
I)anded.  1 he  epithelial  covering  often  shows  a markedly  hyper- 
plastic condition.  The  cause  of  the  condition  is  not  known. 

The  chorionepithelioma  arises  from  the  epithelium  covering 
the  villi  and  is,  therefore,  fetal  in  origin.  It  may  grow  on  the 
surface  of  the  uterus,  but  tends  to  invade  and  grow  in  blood- 
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vessels.  Hemorrhage  is,  therefore,  commonly  associated  with  it. 
Metastases  in  the  wall  of  the  vagina  and  in  the  lungs  are  of  frequent 
occurrence. 

Retention  of  'placental  fragments  in  the  uterus  is  of  common 
occurrence.  The  villi  may  remain  alive  apparently  for  months. 
1 hey  may  become  infected  and  give  rise  to  symjitoms,  or  in  rare 
mstances  may  furnish  the  starting  point  for  a cho-rionepithelioma. 


BLOOD-MAKING  ORGANS 

BONE  MARROW 

Anatomy.— The  function  of  the  bone  marrow  is  to  produce 
red  blood-cori)uscles,  l)lood  i)latelets,  and  certain  types  of  leu- 
kocytes required  in  the  circulating  blood,  ami  to  maintain  them 
in  the  proportions  needed  during  liealth  and  disease.  In  child- 
hood all  the  marrow-simces  in  the  bones  are  utilized  for  this 
purpose,  but  later  in  life  the  process  is  gradually  restricted  to  the 
flat  and  short-  bones  and  to  the  ends  of  the  long  bones,  except 
when  owing  to  hemorrhage  or  disease  greater  numbers  of  Idood 
elements  are  needed;  then  all  the  marrow-s})ace  availal)le  may 
again  be  reoccui)ied.  The  marrow-space  in  the  long  l)ones  not 
required  in  the  ])roduction  of  red  blood-corpuscles  and  leukocjdes 
is  filled  u]:)  with  fat-cells,  excc])t  in  old  age  when  they  are  usually 
rej)laced  by  edematous  or  mucous  connective  tissue  (so-called 
gelatinous  tissue). 

In  fetal  life  the  formed  elements  of  the  circulation  are  pro- 
duced in  the  liver  and  s])leen,  but  before  birth  the  process  is 
transferred  to  the  bone  marrow.  Under  certain  conditions  the 
function  of  i)roducing  the  cellular  elements  of  the  circulation  may 
ap])arently  again  be  taken  up,  at  least  to  some  extent,  l)y  these 
organs. 

Histologically  the  normal  bone  marrow  contains,  aside  from 
arteries,  veins,  nerves,  and  a slight  amount  of  connective  tissue 
chiefly  in  the  form  of  a reticulum,  only  numerous  wide  capillaries, 
and  between  them  the  parenchyma  which  consists  of  three  dif- 
ferent series  of  cells: 

1.  The  myelocyte  series  of  cells. 

{a)  Myeloblasts. 

{h)  Myelocytes  (neutro])hilic,  acidophilic,  and  basophilic), 
(c)  Leukocytes  (the  ])olymor})honuclear  leukoc}de,  the 
eosino])hile,  and  the  mastcell). 

2.  Erythroblasts,  nucleated  and  non-nucleated  red  blood- 

corpuscles. 

3.  Megakaryocytes,  l)lood  ])latelets. 

I he  origin  of  the  different  cells  and  other  elements  in  the 
bone  marrow  and  their  relation  to  each  other  have  been  jwetty 
thoroughly  investigated  and  determined,  and  are  generally  ac- 
cepted. To  recognize  the  exact  nature  of  each  individual  kind  of 
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cell  in  11  section  of  hone  iniiiTow,  even  when  it  has  been  well  fixed 
and  stained  is,  however,  not  an  eas}^  matter. 

So  far  as  can  be  determined  lymiihocytes  do  not  exist  in  the 
normal  bone  marrow,  but  may  be  attracted  into  it  from  the  blood 
and  may  be  transformed  into  plasma-cells  under  a variet\"  of 
pathologic  conditions. 

Regeneration.  Loss  of  blood  leads  to  great  activity  on  the 
part  of  the  bone  marrow  owing  to  its  effort  to  rejilace  the  red 
blood-corpuscles  and  leukocytes  which  have  been  lost.  The  same 
is  true  if  they  have  been  destroyed  in  any  way  as,  for  examjfie,  in 
malaria,  where  the  organisms  directly  injure  great  numbers  of  red 
blood-corjiuscles,  and  in  various  supjiurative  conditions  where 
many  polymorphonuclear  leukocytes  are  killed  by  toxins. 

In  pernicious  anemia  the  bone  marrow  always  shows  great 
proliferative  activity,  although  the  exact  nature  of  the  pathologic 
condition  is  not  yet  understood. 

The  erythroblasts  and  nucleated  red  blood-corpuscles  are 
usually  present  in  small  clumps.  Occasionally  an  endothelial 
cell  containing  brownish  iiigrnent  granules  or  masses  occurs 
among  the  other  cells. 


Lesions  of  Toxic  Origin. — Many  of  the  toxins  which,  under 
various  pathologic  conditions,  obtain  access  to  the  circulation 
are  counteracted  or  neutralized  liy  substances  already  in  the 
serum  or  manufactured  as  required  by  leukocytes.  For  the  pro- 
duction of  these  substances  an  increased  number  of  this  or  that 
kind  of  leukocyte  is,  therefore,  often  required.  In  this  way 
toxins  when  tiot  too  strong  lead  to  jiroliferation  of  cells  in  the 
bone  marrow,  and  often  to  an  increased  number  of  one  kind  of 
leukocyte  or  of  another  in  the  circulating  blood. 

In  many  infectious  processes  tlie  ])olymor])honuclear  leukocytes 
are  greatly  increased  in  the  blood  (leukocytosis)  and  therefore, 
the  myeloblasts  proliferate  in  the  bone  marrow  to  produce  more 
of  them.  In  trichiniasis  and  some  other  infections  the  eosino- 
philes  are  greatly  increased  in  the  same  way  (eosino]ihilia),  and 
the  bone  marrow  likewise  contains  many  of  them  in  all  stages  of 
formation.  To  a less  extent  endothelial  leukocytes  may  be  jiro- 
duced  in  the  capillaries  of  the  bone  marrow  as  well  as  elsewhere, 
and  Ijunphocytes,  which  normally  do  not  exist  in  the  bone  marrow, 
may  invade  it  and  proliferate  there. 

In  the  condition  known  as  status  lymphaticus  lymjihocytes 
may  be  present  in  great  numliers  in  the  bone  marrow  and  even 
form  lyrnjih-nodules.  Probably  some  toxic  condition  is  res])onsible 
for  the  condition. 


Lesions  of  Infectious  Origin. — In  the  ordinary  infectious 
lesions  of  the  bom*  marrow  the  injury  done  to  the  marrow-cells  is 
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of  much  loss  importance  than  that  done  to  the  surrounding  hone 
tissue  The  reason  is  obvious.  If  bone-marrow  cells  are  de- 
stroyed  over  a limited  extent  they  are  easily  dissolved  and  removed 
and  their  function  taken  over  by  the  bone-marrow  cells  else- 
V lere,  which  readily  jiroliferate  if  necessary;  but  the  necrotic 
bone-tissue  is  dissolved  and  removed  with  great  difficulty  and 
has  to  be  rejilacetl  by  new  trabeculie  of  bone.  The  iirocess  of 
repair,  therefore,  occupies  the  whole  field  of  the  lesion,  which  is 
hlled  with  granulation  tissue  and  new  trabecuhT.  After  ivpair 
las  taken  place  the  bone-marrow  cells  will  again  gradually  grow 
111  and  occupy  as  much  of  the  s})ace  as  is  available. 


Fi^.  4G.3.-Typl,oi,i  fever.  Part  of  focal  Ie.sion  in  hone  inamnv. 


Acute  asteomyehtis  may  cause  the  destruction  of  all  the 
marrow-ce  Is  m a long  bone,  but  this  is  not  nearly  .so  hnixirtaffi 

C II  T,  ea  r hi 

IS  easily  taken  over  by  the  marrow-cells  elsewhere  while 
c neciotic  bone  has  to  be  removed  and  replaced  by  the  activitv 
the  asteoelasts  and  the  osteobiaets,  unlU  the  burgoo.,  hlf 
I lies  the  i.rocess  for  nature  ijy  removing  tlie  <lead  sliaft 

arc  alfJeZrZf  to  11*'°’'^  'fh""  narrow 

t aoscesses  tliie  to  the  staiihylococcus  aureus,  less  often  tr. 

the  pneunroeoecus  and  certain  other  organisms 

In  t„,ho.,l  fever  focal  lesions  like  those  in  the  liver  and  com- 
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posed  of  pluisocytic*  endothelial  leukocytes  are  quite  frequent. 
In  sinall-pox  larger  lesions  due  to  necrosis  are  common  and  charac- 
teristic. The  inflammatory  reaction  consists  chiefly  of  endo- 
thelial leukocytes  which  collect  around  the  lesions,  ami  where  the 
latter  have  involved  fat-cells  become  filled  with  fat-droplets. 

Tuberculous  lesions  are  fairly  common  and  may  occur  as 
acute  miliary  tubercles  or  as  large  caseating  masses. 

Tumors. — Two  different  ty])es  of  tumors  originate  from  bone- 
marrow  cells.  The  more  frequent  and  important  is  the  myelo- 
blastoma, of  which  the  cells  tend  to  differentiate  like  those  of 
the  myelocyte  series.  Metastasis  readily  takes  place  into  the 
circulating  blootl,  where  it  is  known  as  myelogenous  leukemia. 
Secondary  tumor  nodules  may  form  in  various  organs,  beneath 
the  iieriosteum  of  the  vertebral  column,  etc.  Sometimes  they  ex- 
hibit more  or  less  of  a green  color;  the  condition  is  then  called 
chloroma. 

The  other  tumor  is  the  myeloma  and  is  of  rarer  occurrence. 
The  type-cell  from  which  it  arises  is  not  known.  The  tumor  is 
.strikingly  characterized  clinically  by  causing  in  some  way  or  other 
the  presence  of  albumose  in  the  urine. 

The  bone  marrow  is  frecpiently  involved  by  secondary  tumors. 
The  lym])hoblastoma  when  present  anywhere  in  the  body  is  likely 
to  give  rise  to  metastases  in  the  bone  marrow,  whether  lyinjihatic 
leukemia  exists  or  not.  Likewise  carcinomas  of  the  jirostate  and 
of  the  breast  commonly  jiroduce  early  metastases  in  the  bone 
marrow,  and  the  .stroma  is  often  of  an  osteoid  type  owing  to  its 
origin  from  osteal  cells. 


SPLEEN 

Introduction. — The  functions  of  the  spleen  are  not  fully  un- 
derstood. Complete  removal  of  it  does  not  cause  death;  on 
the  contrary,  it  is  a procedure  recommended  for  the  cure  of  cer- 
tain pathologic  proces.ses  occurring  in  the  organ. 

Enlargement  of  the  spleen  is  always  an  important  clinical  sign. 
It  may  be  due  to  a variety  of  causes.  To  be  satisfied  to  call  it 
hypertrophy  of  the  spleen  or  splenomegaly  is  shirking  one’s  duty 
and  neglecting  one’s  o])portunity.  Clinician  and  pathologist  alike 
should  strive  to  ascertain  in  each  individual  instance  the  cause 
of  the  enlargement,  and  thus  be  able  to  name  the  jirocess  accu- 
rately. The  enlargement  may  be  of  circulatory,  toxic,  or  infec- 
tious origin,  or  due  to  a retrograde  change  or  to  a new-growth. 
The  hypertrophied  organ  may  weigh  many  kilos. 

Anatomy. — The  anatomic  structures  of  the  spleen  recognizable 
to  the  naked  eye  are  the  capsule  with  its  inward  prolongations, 
the  trabecula);  the  blood-vessels;  the  lymph-nodules  (Mali)ighian 
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l)O(lies) ; and  the  jiiilj).  ddie  lymjili-nodulos  and  tlie  l)ulp  to- 
gether form  the  ]iareiichyma,  the  important  and  characteristic 
part  of  the  spleen.  In  addition  the  sjdeen  contains  nerves,  but 
no  lymph-vessels.  The  lymph-nodules  are  more  iirominent  in 
3’outh,  the  trabecula?  in  old  age. 

The  capsule  and  trabeculie  are  composed  of  fibroblasts  to- 
geth«-  with  a few  smooth  muscle-cells,  and  contain  numerous 
elastic  fibers^  which  increase  m number  with  age.  The  artc'ries 
have  well-defined  walls.  At  first  they  run  in  the  larger  trabecula?. 

s the\  get  snia her  they  leave  the  trabecula?  and  are  surrounded 
with  masses  of  lymphoid  tissue,  the  lymph-nodules,  into  which 
the\  finally  ramify  m the  form  of  numerous  capillaries  before 
passing  outside  to  the  veins  of  the  pulp. 

yie  terminal  veins  of  the  spleen  begin  as  dilated  structures, 
lined  vath  ong  narrow  endothelial  cells  which  run  lengthwise 
of  the  vessels  and  have  prominent  oval  nuclei.  The  cells  rest  on 
short  delicate  fibrils  which  stain  deeply  vith  phosphotungstic 
acid  hematoxylin  and  which  sharply  define  the  walls  of  the  veins. 

1 he  terminal  veins  combine  into  pulp  veins  which  enter  the  tra- 
beculae and  unite  to  form  the  splenic  vein 

The  arteries  are  end  arteries;  the  veins  do  not  anastomose, 
snmp  H Structure  and  contain  the 

ill  tlle  l™,lnoIler 

'’<“*"•<'*“11  the  wails  of  the  ter- 

Ti  <’'’'i“‘oii<i"y  endothelial  cells  and  fibroblasts 

mm  ber^  T'  <’«'<’'■  -lelb  may  be  present  in  varying 

mbers,  such  as  plasma-cells,  eosinophilic  myelocytes  and 
rarely  neutrophilic  myelocytes.  .leiocjtes,  and 

The  cells  which  increase  most  in  the  spleen  under  pathologic 

evtes  whbr  leukocytes,  emiothelial  leuko- 

>tes  which  are  usually  very  phagocytic,  Ivmjihocvtes,  plasma- 
cells,  eo.smophiles,  and  myelocytes.  ' 

for  tVie  bl"'‘T“T  ‘I'r  Pro<l>iee  lymphocytes 

or  the  h ood.  In  .addition  it  seems  probable  that  under  patho 

anTor“'l  '■'“'‘’t''*'"-'’'  eells  .and  leukocytes  may  multiply 

Ihl  i n I ‘™V tci  eounter.act  toxic  siibst.ances  I'lrought  to 
them,  hnder  these  conditions  they  m.ay  incorporate  red  blood 
corpuscles,  leukocytes  and  lymphocytes  in  order  to  olti,  nuSe' 
substances  needed.  The  most  striking  ex.ample  of  this  f net  ion 

anrsc  ‘l'  ”’f<’<-ti<’®,  sdcl.  .as  diphtherTa 

scarlet  fever,  proliferation  of  endothelial  cells  in  the  Ivmnh 
nodules  IS  usually  a prominent  lesion.  “ ' 

Retrograde  Changes.-/.“a(  is  often  pre.sent  in  the  endothe- 
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lial  cells  which  iiroliferate  in  the  lymph-nodules  in  diphtheria, 
scarlet  fever,  etc.  It  also  occurs  in  abundance  in  the  hyaline 
areas  which  are  often  ]:>resent  in  the  walls  of  the  arteries  in  acute 
infectious  ])rocesses,  and  also  in  chronic  arteriosclerosis.  In  a 
ca.se  of  diabetes  mellitus  in  which  lipemia  was  ]iresent  the  pulp 
contained  large  numbers  of  endothelial  leukocytes  filled  with  fat 
so  that  the  spleen  in  consequence  weighed  400  grams. 

Amyloid  is  commonly  present  in  the  S])leen  when  it  is  formed 
elsewhere  in  the  body.  It  may  be  confined  practically  to  the  lym])h- 
nodules  and  blood-vessels  (sago  spleen),  or,  as  more  often  happens. 


Fig.  4G4. — Amyloid  infiltration  of  a lymph-nodulo  in  the  spleen.  M. 


may  be  more  or  le.ss  generally  diffused  throughout  the  pulp.  It 
causes  a gradual  thickening  of  the  reticulum  so  that  the  included 
cells  atrojihy  and  disappear,  ju.st  as  in  the  liver,  and  the  blood 
sinuses  of  the  pulp  liecorne  compre.ssed  and  narrowed.  As  a result 
of  tlu!  amyloid  formation  the  spleen  may  be  considerably  enlarg(*d 
(400  grams  and  over).  It  is  den.se  to  the  touch  and  on  section 
dry  and  translucent. 

I[y(dine  material  is  found  occasionally  in  the  s])leen  in  two 
different  .situations,  in  the  walls  of  the  articles  in  acute  infectious 
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processes  and  in  cliroine  arteriosclerosis  in  the  same  locations  in 
which  fat  occurs,  and  in  the  lymiih-nodules.  It  may  ap  ear  in 
t le  latter  location  as  a thickening  of  the  reticulum,  due  to  a fibri- 
noid change,  or  as  hyaline  comiective  tissue  following  endothelial 
liyj:)erplasia. 

Hyalin  is  sometimes  found  in  small  globules  in  the  cyto- 
plasm of  plasma-cells  which  have  undergone  retrograde  change. 

Spiculated  bodies  have  been  found  in  the  spleen  in  a few  in- 
stances inclosed  m endothelial  leukocytes  and  giant-cells  They 
may  be  quite  numerous  and  occur  in  foci  or  diffusely  scattered 

r , tuberculosis,  l)ut  no  necrosis  is  ])ro- 

duced.  1 he  bodies  seem  chemically  to  be  of  a fibrinoid  character 
They  are  evidently  not  the  cause  of  the  lesion,  which  is  probably 
of  infectious  origin,  but  a secondary  formation. 


Fig.  46.5.— Kopair.  Foreign  body  giant-cell 


boiisr w 


Blood  pigment  is  of  frequent  occurrence.  It  is  usually  found  in 

and 

aisform  the  hemoglobin  into  hemosiderin.  The  pigment  is 
alvays  present  following  typhoid  fever.  The  leukocytes  are  at 

nnd  c V ’"^'t  usually  emigrate  from ‘the  vessels 

c 1(1  collect  in  clumiis,  especially  around  the  trabecuhe  and  arteries 
where  they  gradually  digest  the  jiigment.  ’ 

ofton^fn^^'^'\^  luinches  of  bright  orange-colored  hematoidin  crystals  are 
nn Tv  ui  m arcts,  and  as  organization  occurs  may  be  taken 

lio  f ^ leukocytes.  Small  foreign  body  giant-cells  mav 

bo  formed  occasionally  by  fusion  of  two  or  more  leukocytes 

mnnt  endothelial  leukocytes  filled  with  piir 

It  je  found  m the  sjileen,  but  usually  not  in  large  numbers  ^ 
^Iclamn  due  to  the  malarial  parasites  occurs  in  red  blood 
corpuscles,  whore  it  is  formed  l,v  the  or^misms,  lo  mli 
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abundantly  in  the  endothelial  leukocytes  free  in  the  veins  and 
also  collected  in  the  intervaseular  tissue  everywhere.  In  chronic 
malaria  the  connective-tissue  stroma  of  the  S])leen  is  increased 
in  amount  and  jxicked  with  endothelial  leukocjdes  filled  with  j)i^- 
ment.  As  a result  of  the  ]:>ignicnt  the  spleen  may  lie  colored  a 
dark  p;ray  or  even  greenish  black.  In  the  acute  stage  the  s]:>leen 
may  be  enlarged  to  900  grams  or  more;  later  it  maj^  contract  to 
less  than  the  normal  weight. 

Carbon  is  occasionally  found  in  small  amounts  in  the  s])leen. 
It  is  inclosed  in  endothelial  leukocytes  which  tend  to  collect  in 
small  (‘lumps,  usually  around  the  arteries  and  trabeculie. 

Disturbances  of  Circulation. — Acute  congestion  of  the  s]:>leen 
occurs  in  many  acute  infectious  ]:>rocesses,  but  especially  when  a 
se])ticemia  is  ])resent.  Under  these  conditions  it  is  usually  com- 
bined with  an  accumulation  of  Icidvocytes.  The  organ  is  en- 
larged and  soft  (so-called  acute  s])lenic  tumor),  on  section  of  a 
dark  to  grayish-red  color,  and  on  scraping  yields  much  pulp. 

Chronic  passive  congestion  is  more  likely  to  occur  uncom])li- 
cated  by  infection.  It  is  due  to  general  or  local  obstruction  of 
the  venous  circulation,  most  often  caused  b}^  lesions  of  the  heart. 
The  spleen  under  these  conditions  is  usually  somewhat  enlarged, 
dense  in  consistence,  and  of  a dark  to  bluish-red  color  (cyanotic 
induration).  The  connective  tissue  shows  a moderate  increase 
(‘verywhere  in  the  organ. 

Banti’s  disease  seems  to  be  a.  symi)tom-com])lex  resulting  from 
jiartial  occlusion  of  the  sj)lenic  or  portal  vein  and  marked  ob- 
struction to  the  outflow  of  bl(jod  from  the  si^leen.  Swelling  of 
the  s])leen  and  much  increase  of  the  connective  tissue  of  the  organ 
result  in  conseciuence. 

Infarcts  of  the  spleen  due  to  occlusion  of  arteries  are  frequent 
and  usually  of  the  anemic  variety,  although  hemorrhagic  infarcts 
sometimes  occur.  They  are  in  general  wedgc'-sluqxHl  and  cause 
slight  bulging  (jf  the  ca])sule.  Organization  of  an  infarct  usually 
])roceeds  ra])idly  at  first.  The  edge  is  dee])ly  congested  and  leuko- 
cyte's migrate  in  numbers  into  the  necrotic  tissue.  Later  the  ]n’oc- 
ess  of  re])air  slows  u])  and  the  removal  of  the  necrotic  tissue  and 
re])lacement  by  scar  tissue  take  a long  time.  Ileniatoidin  crystals 
in  bunches  are  generally  formed  in  considerable  numbers  in  the 
infarct  and  at  its  border,  and  are  often  taken  up  by  endothelial 
leukocytes  which  sometini(3S  fuse  to  form  giant-cells  around 
them.  Other  leukocytes  of  the  same  ty])e  may  be  filled  with 
hemosiderin  T)igment. 

Lesions  of  Mechanical  Origin.  The  blood  sinuses  of  the 
s])leen  are  susc(‘ptibl(‘  of  giTat  distension  by  the  accumulation 
of  blood-cor])uscl('s  and  leukocytes  Avithin  them.  If  the  distension 
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persists  for  any  lengtli  of  time  the  meehanieal  injuiy  done  t)ie 
fibroblasts  causes  them  to  jiroliferate.  In  this  Ava}'  an  increase 
of  collagenous  fibrils  and  reticulum  is  produced.  If  the  organ 
contracts  later  the  increased  amount  of  connectiAT  tissue  jiersLsts 
as  a sclerosis.  Such  a sclerosis  ma}^  be  moderate  in  amount  as 
in  chronic  ]iassiAT  congestion,  abundant  as  in  Banti’s  disease 
OAA’ing  to  mechanical  obstruction  of  the  siilenic  A'cin,  or  very 
marked  as  in  certain  chronic  infectious  diseases,  esjiecially  malaria 
and  kala-azar. 

Lesions  of  Toxic  Origin,  d oxins  of  A^arious  sorts  are  brought 
to  the  spleen  by  the  circulating  blood,  but  there  is  no  abundant 
parenchyma  as  in  the  liver  to  be  affected  by  them.  ( ertain  tox- 
ins, as  m diphtheria  and  scarlet  fever,  cause  marked  iirolifcration 
of  the  endothelial  cells  lining  the  reticulum  of  the  lymph-nodules. 
The  lymphocytes  may  be  largely  incorporated  and  digested  by 
these  cells.  The  process  may  be  inteipreted  in  tAvo  Avays:  (a)  The 
endothelial  cells  proliferate  to  produce  an  antitoxin  to  neutralize 
the  toxin  brought  by  the  circulation;  the  lym])hoc3ffes  are  utilized 
as  nutrition;  (6)  the  ljunphocAffes  are  injured  and  destrojv'd  ly 
the  toxin  and  are  then  taken  up  by  the  endothelial  cells  AA'hicii 
proliferate  in  sufficient  numbers  to  perform  the  AA'ork  required  of 
them  (process  of  rejiair).  The  first  vieAV  seems  the  more  likely, 
because  Avhen  the  toxin  is  strong  enough  'to  iiroduce  a fibrinoid’ 
change  of  the  reticulum  or  necrosis  of  the  lynqihocytes,  the  endo- 
thelial cells  proliferate  Imt  slightly  or  not  at  all. 

Other  toxins  cause  accumulations  of  polymorphonuclear  leu- 
kocytes in  the  blood  sinuses,  sometimes  in  great  numbers.  In 
t A phoid  feA'er  endothelial  leukocj'tes  collect  abundantl}"  in  the 
same  AA’ay  in  the  blood  sinuses  and  are  filled  Avith  many  red  lilood- 
coipuscles.  Toxins  from  other  infections  do  not  cause  so  great 
an  accumulation  of  them. 

(ertain  toxins  bring  about  al)undant  collections  of  lymjiho- 
cytes,  usually  in  the  form  of  ]ilasnia-cclls,  in  the  s])leen.  They 
are  generally  situated  around  the  trabecula:'  and  blood-vessels. 
Barely  they  collect  in  numbers  beneath  the  lining  ejiit helium  of 
the  larger  veins  ami  project  it  in  festoons  into  the  lumen. 

A Aaiiet}^  of  toxic  conditions  maj^  cause  eosinojihiles  to  ac- 
cumulate in  considerable  numliers  in  the  spleen. 

Lesions  of  Infectious  Origin.-  It  is  not  easy  or  even  alAAnys 
Iiossible  to  separate  the  toxic  from  the  infectious  lesions  of  the 
spleen.  In  fact,  the  tAvo  are  very  often  combined.  In  se]nicemias 
due  to  the  sta]ihylococcus  aureus,  the  stre])tococcus  jiyogenes,  tlie 
anthrax  bacillus,  etc.,  cultures  Avill  necessarily  sIioaa’  the  organisms 
jiresent,  although  they  may  be  confined  entirely  to  the  circulating 
blood.  ^Mien  focal  lesions  are  jiresent,  h.oA^ever,  the  relation  of 


61G 


PATHOLOGIC  HISTOLOGY 


the  intectious  organisin  to  the  jiroeess  is  definitely  evident.  These 
lesions  reiiuire  no  especial  consideration  here,  Init  should  he  sought 
in  their  i)ro])er  place  under  the  causal  agents. 

Abscesses  may  he  caused  hy  a variety  of  organisms  (staphylo- 
coccus aureus,  streptococcus,  typhoid  bacillus)  the  identity  of 
which  has  to  he  determined  in  each  specific  instance. 

d he  tncdarial  parasites  may  produce  all  degrees  of  enlarge- 
ment of  the  s])leen  u])  to  a weight  of  about  one  kilo,  dependent  on 
the  duration  and  severity  of  the  infection  and  the  variety  of  the 
organism  ])resent.  As  a result  of  the  enlargement  due  partly  to 
distension  of  the  blood  sinuses  l)y  red  hlood-corimscles,  hut  chiefly 
to  the  great  accumulation  of  endothelial  leukocytes  filled  with  red 


Fig.  4GG. — Spleen.  Gaucher’s  type  of  splenomegaly.  M. 


blood  corj)uscles,  jiarasitcs  and  }:>igment,  the  connective-tissue  cells 
proliferate  and  jiroduce  more  intercellular  substance.  Later, 
when  the  organ  contracts  the  amount  of  stroma  is  relatively 
much  increased  and  the  organ  is  dense  and  firm  (sclerosed). 

In  Gaucher's  type  of  splenomegaly,  where  the  siileen  is  greatly 
enlarged  and  the  blood  sinuses  distended  with  jiroliferated  ('ndo- 
thelial  cells  and  leukocytes,  a parasite  of  some  sort  or  other  is 
probably  the  cause  of  the  lesion. 

Infi'ction  with  the  tubercle  bacillus  shows  most  often  in  the 
form  of  miliary  tulxTcles  which  may  be  exceedingly  numerous. 
Occasionally  conglomerafc'  tubercles  of  various  sizes  are  formed 
and  rarely  large  (;aseous  masses. 
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Syphilitic  infection  is  rare  in  the  spleen,  although  in  congenital 
syjihilis  the  spirochetes  may  be  very  numerous,  especially  in  the 
walls  of  the  arteries. 


Fig.  407.— Spleen.  Gaucher’s  type  of  splenomegaly. 


Tumors.—The  lympholilastoma  may  be  primary  in  the  spleen. 
Occasionally  it  is  scirrhous  in  type  and  has  been  called  primary 
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Fig.  46S.— Spleen.  Gaucher’s  type  of  splenomegaly.  Mitosis  of  endothelial 

cell  lining  blood  sinus. 


Fig.  4()0.— Syphilis,  congenital.  Spleen.  Many  treponemata  pallida  in 

walls  of  arteries.  M. 
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Hodftkin’s  disease  of  the  s])leeii.  The  tumor  ma}’  cause  ji,reat 
enlargement  of  the  organ.  Other  ])rimary  tumors  are  rare. 
Among  them  the  lymphendothelioma  tleserves  mention  Ijeeause 
it  is  })retty  generally  agreed  that  lym])h-vessels  do  not  exist  nor- 
mally in  the  sideeii. 

Of  the  secondary  tumors  the  most  imj:)oi’tant  are  the  lymj:)ho- 
hlastoma  and  the  myeloblastoma.  Both  may  cause  great  and 
usually  uniform  enlargement  of  the  spleen.  ^Metastatic  cancer,  as 
a rule,  occurs  in  separate  notlules. 


Fig.  470.-— Spleen  from  a ease  of  ]K)lvcj4hemia.  Several  large  eells  (me- 
gakarycjeytes  ?)  with  multiple  or  large  lobulated  nuclei;  also  numerous  nu- 
cleati'd  red  bloorl-corpuscles. 


Hypertrophy  of  the  spleen,  or  splenomegaly,  is  a term  in  common 
use,  especially  clinically.  It  is  useful  and  justifiable  onlj'  when 
an  accurate  diagnosis  of  the  actual  condition  ])rc.sent  cannot  be 
made.  Many  iiathologic  iirocesses  result  in  more  or  less,  oc- 
casionally extreme,  enlargement  of  the  sjtleen,  for  instance, 
amyloitl  formation,  various  infections  including  malaria  anti 
kala-azar,  jn-imary  and  secondary  tumors.  The  tendency  is  to 
restrict  the  term  splenomegaly  to  those  forms  of  chronic  milarge- 
nu'iit  of  which  the  nature  is  not  yet  fully  imder.stood.  The  use 
of  the  term  should  be  discouraged,  because  it  means  only  that  the 
si)leen  is  enlarged,  and  the  cause  therefor  not  knonn. 

One  rare  form  of  enlargement  of  the  sideen  is  as.sociated  with 
marked  increase  of  the  red  blood-corpuscles  in  the  circulating 
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blood  (polycythemia,  ^dl(luez’s  disease).  They  may  number 
up  to  eight  or  even  u]i  to  fifteen  millions  pi'r  cubic  millimeter. 
The  l)one  marrow  is  red  and  hyper]ilastic. 

It  is  possible  that  the  condition  is  the  result  of  a tumor  arisino’ 
from  a type-cell,  the  erythroblast,  and  should  be  called  an  erythro- 
blastoma.  The  condition  would  be  analogous  to  the  two  forms 
of  leukemia  due  to  growth  cf  tumor-cells  (lymphoblastoma  and 
myeloblastoma)  in  the  circulating  Idood.  Histologically  the  spleen 
shows  fairly  numerous  large  cells  with  multiple  or  with  large  lobu- 
lated  nuclei,  and  nucleated  red  blood-coriiuscles  in  the  blood  si- 
nuses, while  the  connective-tissue  stroma,  which  is  considerably  in- 
creased in  amount,  is  infiltrated  with  large  numbers  of  eosino])hiles 
and  also  with  fairly  numerous  endothelial  leukocytes  and  lympho- 
cytes. 


LYMPH-NODES 

L^mph-nodcs  are  composed  of  the  following  anatomic  struc- 
tures; 

1.  The  i:)arenchyma  arranged  cortically  in  masses  contain- 
big  germinative  centers,  and  in  the  medulla  in  narrow  liranching 
prolongations  called  medullary  cords. 

2.  The  lymjih  sinuses  running  between  the  parenchyma,  on 
the  one  hand,  and  the  capsule  and  its  inward  projections,  on  the 
other. 

3.  The  cajisule  and  its  septa,  the  tralieculae,  within  the 
lymph-node. 

4.  Blood-vessels. 

5.  Nerves. 

1 he  parenchyma  is  composed  chiefly  of  cells  of  the  lympho- 
cyte series  and  they  are  the  imiiortant  and  characteristic  cells  of 
the  lymph-node.  Under  normal  conditions  they  consist  of  two 
types  of  cells,  lymq^hoblasts,  occurring  in  the  germinative  centers, 
and  lymphocytes,  forming  the  remainder  of  the  jiarenchyma. 

Tndei  jiathologic  conditions  both  tyjies  of  cells  can  give 
rise  to  iilasma-cells,  but  most  of  the  latter  arise  from  lymjiho- 
cytes.  J hey  are  present  in  large  numbers  in  many  inflammatory 
processes.  All  these  cells  possess  the  iiower  of  migration  and 
of  iiroliferation. 

Next  to  the  cells  of  the  lymphocyte  series  the  most  imjior- 
tant  cells  in  lymph-nodes  are  the  endothelial  cells.  They  line 
the  blood-vessels,  the  lymph  sinuses  and  the  reticulum  of  the 
parenchyma.  1 hose  lining  the  sinuses  and  the  reticulum  ]ilay 
a much  more  important  jiart  in  pathologic  conditions  than  those 
lining  the  blood-vessels.  Th(‘y  may  increase  greatly  in  number, 
desquamate  from  the  walls  of  the  sinuses  and  from  the  reticulum 
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and  form  endothelial  leukocytes.  As  a rule,  they  exhibit  marked 
jihagocytic  iiro])erties  for  other  cells. 

The  capsule  and  trabeculie  are  comjiosed  of  fibroblasts,  among 
which  are  occasional  smooth  muscle-cells.  Fibroblasts  also  form 
the  reticulum  m the  lymph  sinuses  and  in  the  parenchyma  and 
strengthen  the  walls  of  the  vessels. 


The  Cells  of  a Lymph-nodule 
Lining  cell  of  lymph-v'essel  (?) 


i 

Lymphocyte 

I 

i 

Lymphoblast  - 

i 

Lymphocyte  - 


Altmann- 

Schridde 

Stain 


^ Lymphoblastic 
plasma-cell 

^ Lymphocjdic 

plasma-cell 


Fig.  471.— Lymphocyte  series  of  cells.  (Copied  from  Aschoffs  “Patho- 

logische  Anatomic.’’) 

the  LI  lymph-nodes  to  protluce  lymphocytes  for 

the  blood  and  to  counteract  the  unfavorable  influences  of  various 
toxic  substances  and  ]iathogenic  micro-organisms  brought  to  them 
In  doing  this  all  the  three  important  tyjies  of  cells  may,  under  dif- 
ferent conditions,  jilay  an  important  part.  Sometimes  only  the 
lymphocytes  are  affected;  at  other  times  chiefly  the  endothelial 
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cells  of  the  sinuses  or  in  the  gerininative  centers.  Occasionally  the 
fibroblasts  seem  most  stimulated. 

The  lymph-nodules  occurring  in  various  tissues  lack  lymph 
sinuses.  They  corresiiond  in  structure  to  the  cortical  masses  of 
parenchyma  containing  the  gerniinative  centers. 

Lesions  of  Mechanical  Origin. — Certain  substances  reach  the 
lymph-nodes  through  the  lymphatics  and  seem  to  act  only 
mechanically.  The  commonest  of  these  is  carbon,  but  hemoglobin 
and  various  pigments  are  among  the  substances  which  may  act  in 
much  the  same  way.  If  they  are  not  carried  there  by  endothelial 
leukocytes  they  are  taken  up  by  these  cells  which  then  migrate 
into  the  parenchyma  of  the  node  or  occasionally  into  the  fibrous 
and  fat  tissue  outside  of  it,  and  settle  down  more  or  less  perma- 
nently, according  to  whether  or  not  they  can  digest  what  they  have 
taken  up.  The  accumulation  of  large  numbers  of  the  phagocytic 
leukocytes  causes  the  disappearance  of  the  lymphocytes  of  the 
fiarenchyma  and  some  increase  of  the  connective-tissue  stroma. 

Lesions  of  Toxic  Origin. — Toxic  substances  reach  lyni]:)h- 
nodes  chiefly  through  the  lymphatics,  to  a less  extent  through  the 
blood-vessels.  The  distribution  of  the  resulting  lesions  varies 
accordingly.  Toxins  reaching  a lymph-node  through  the  blood 
affect  chiefly  the  lymph-nodules;  those  arriving  through  the 
lymphatics  produce  their  greatest  effect  in  the  lymph  sinuses. 

The  toxic  lesions  in  the  lymph-nodules  may  show  proliferation 
of  the  endothelial  cells  lining  the  reticulum,  with  jihagocytosis  of 
many  or  all  of  the  neighboring  lymphoblasts,  which  are  gradually 
digested.  Sometimes  the  connective-tissue  reticulum  is  bathed 
in  serum  and  transformed  into  hyaline  fibrinoid  material. 

Toxins  arriving  through  the  lymph  sinuses  may  cause  only  a 
hy])erj)lasia  of  lymphocytes  or  of  endothelial  leukocytes  or  an 
accumulation  of  polymorphonuclear  leukocytes.  Various  com- 
binations of  these  cellular  elements  also  occur  and  the  endothelial 
leukocytes  are  often  phagocytic  for  the  others.  If  the  toxin  is 
very  strong,  fibrin  may  be  formed  from  the  serous  exudation  and 
hemorrhage  may  take  place.  It  is  also  possible  for  more  or  less 
extensive  necrosis  to  be  produced. 

The  toxic  substances  are  of  the  greatest  variety— bacterial 
toxins  of  all  sorts,  degenerative  products  derived  from  necrotic 
cells,  etc.  The  character  and  amount  of  the  exudation  dejx'nd 
on  the  strength  and  nature  of  the  toxic  substances. 

Lesions  of  Infectious  Origin. — Lesions  of  infectious  origin  are 
exceedingly  common  in  lymph-nodes  and  may  be  caused  by  a gn'at 
variety  of  organisms.  They  freiiuently  conpilicate  toxic  lesions. 

Infectious  lesions  tend  toward  a more  or  less  focal  distribu- 
tion, but  are  often  diffuse  owing  to  the  numerous  large  lymph 
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sinuses  in  a Iyni])li-no(le.  They  may  cause  only  an  accumulation 
of  serum  and  polynioriihonuclear  leukocytes  within  the  sinuses, 
with  few  or  many  endothelial  leukocytes  and  lymjihocytes  in  ad- 
dition, or  may  jiroduce  more  or  less  extensive  necrosis  and  aliscess 
formation.  There  may  be  hemorrhage  in  addition.  ]\Iuch  de- 
pends on  the  nature  of  the  infecting  organisms.  In  buboes  due  to 
the  plague  bacillus  the  lymph  sinuses  are  often  greatly  distended 
by  the  masses  of  bacilli  within  them.  The  inflammatory  exudate 
may  be  slight.  In  anthrax  infections  hemorrhage  is  common. 
A\ith  the  staphylococcus  aureus  abscesses  are  usually  formed; 
with  the  streptococcus  they  are  not  so  frequent.  The  typhoid' 
bacillus  causes  a great  accumulation  of  endothelial  leukocytes. 
In  inguinal  buboes  small  abscesses  surrounded  with  a wall  of 
granulation  tissue  are  common.  Certain  tjqies  of  lesions  often 
suggest  certain  infectious  agents;  in  the  same  way  lesions  in  certain 
lymph-nodes  suggest  certain  agents;  thus,  inguinal  buboes  point 
to  Ducrey’s  bacillus,  or  the  treponema  pallidum,  but  it  does  not 
pay  to  place  too  much  reliance  on  such  evidence. 

The  tubeiculous  lesions  of  lymph-nodes  are  of  several  types, 
but  will  be  found  discussed  under  that  infectious  agent. 

Tumors.  The  characteristic  primary  tumor  arising  from 
^mph-nodes  is  the  lymphoblastoma.  Its  cells  may  closely  re- 
semble the  cells  of  the  lymphocyte  series  or  depart  more  or  less 
V idely  from  them,  especially  in  being  somewhat  larger.  The  tu- 
mor may  grow  very  ^ rapidly  and  give  rise  to  metastases  in  various 
organs  and  in  the  circulating  blood,  or  grow  slowly  in  scirrhous 
form,  with  an  abundant  stroma  which  is  often  infiltrated  with 
numerous  eosinophiles. 

Secondary  tumors  in  lymiih-nodes  are  of  common  occurrence, 
especially  carcinomas.  The  likelihood  of  the  occurrence  of  this 
orm  of  metastasis  is  so  well  understood  clinically  that  it  is  cus- 
tomary to  rtmove  the  regional  lynqih-nodes  when  a cancer  is 
operated  on,  whether  they  apjiear  involved  or  not. 


ORGANS  OF  THE  CENTRAL  NERVOUS  SYSTEM 

Under  this  heading  are  included  not  only  the  brain  and  the 
spinal  cord,  Init  also  their  coverings— the  pia-arachnoid  and  the 
dura,  and  the  duial  endothelium  lining  the  S])ace  between  the  two 
membranes. 

BRAIN  AND  SPINAL  CORD 

Introduction. — The  lesions  of  the  brain  and  cord  are  more  diffi- 
cult than  the  lesions  of  any  of  the  other  organs  to  present  from  the 
biologic  point  of  view.  This  difficulty  is  due  to  our  lack  of  knowl- 
early  stages  of  many  of  the  pathologic  j^rocesses 
affecting  them.  We  study  these  processes  largely  in  the  late 
stage  of  re})air,  that  is,  when  the  end  result,  sclerosis,  is  all  that  is 
left  to  mark  the  site  of  the  various  lesions. 

In  the  study  of  most  organs  it  is  the  nature  of  the  lesion  which 
interests  us.  In  the  central  nervous  system  the  location  of  a lesion 
and  the  symptoms  depending  upon  the  location  have  been  more 
important  than  the  nature  of  the  lesion,  and  have  received  the  most 
attention,  this  is  not  true  of  any  other  organ.  A solitary  tu- 
l)crcle  in  one  part  of  the  brain  or  cord  causes  entirely  different 
symptoms  from  those  produced  by  a similar  nodule  situated  in 
some  other  part.  Ihe  reason  for  the  variety  of  s3an]Aonis  is 
that  the  nerve-cells  and  fibers  in  different  locations  ])erforni  dif- 
ferent functions.  On  account  of  this  im}:)ortant  effect  of  the  lo- 
cation of  the  lesion  and  the  variety  of  symptoms  which  may  be 
caused  l)y  the  same  lesion,  the  numl)cr  of  s^miptom-comj^lexes 
arising  from  the  lesions  of  the  central  nervous  system  is  ])robal)l3'' 
much  greater  than  the  actual  number  of  pathologic  ])rocesscs 
iwoducing  them. 

The  pathologist’s  point  of  view  in  regard  to  the  central  ner- 
vous system  is  first  to  ascertain  the  numl)er  and  character  of  the 
injurious  agents  affecting  it,  and  the  nature  of  the  lesions  which 
they  cause,  and  then  to  trace  the  secondary  degenerations  which 
follow  in  nerve-fibers  when  nerve-cells  have  been  destrojTcl,  or 
nerve-fibers  have  been  cut  or  injured  at  any  point. 

Lesions  of  the  brain  and  cord  are  usually  complicated  l\y 
the  presence  of  many  endothelial  leukocytes  which  arc  attracted 
1)3"  the  myelin  set  free  whenever  necrosis  of  nerve-cells  and  es- 
pecially of  neuraxes  has  taken  j)lace.  The  leukocytes  filled  with 
fat  and  myelin  infiltrate  the  surrounding  tissues,  and  j)articularly 
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the  walls  of  hlood-vesscls,  often  in  great  numbers  and  remain 
t lere  until  they  have  digested  the  material  they  have  incorjx)- 
lated.  Endothelial  leukocytes  are  also  often  attracted  in  the 

same  way  by  red  blood-corpuscles  which  have  been  set  free  l)v 
hemorrhage. 

Anatomy.  For  the  anatomy  and  histology  of  the  central 
nervous  ptem  a good  text-book  on  normal  histology  should  be 

consulted.  Here  only  a few  i^oints  of  interest  can  be  brietiy 
emphasized. 

The  brain  and  cord  are  composed  of  a great  number  and  large 
variety  of  nerve-cells  or_  units  called  neurons.  Each  neuron 
consists  of  a cell-body  which  jios.sesses  an  axis-cylinder  processor 
neuraxis  with  its  terminal  arborization,  and  usually  also  cyto- 
plasmic processes  known  as  dendrites.  Some  of  the  neuraxes 
are  ot  great  length. 

_ A peculiarity  of  the  central  nervous  system  is  that  it  possesses 
m Its  stroma,  m addition  to  the  blood-vessels  and  connective 

oHoFi  another  supporting  tissue,  of  e])iblastic 

o ifeiR,  formed  by  the  neuroglia  cells  and  their  fibrils  The 
neuroglia  cells  react  to  injurious  agents  of  various  sorts  much 
as  fibroblasts  do,  but  there  is  one  marked  difference  between 
these  two  types  of  cells.  Fibrin  stimulates  proliferation  of 
irolilasts,  but  has  little  or  no  effect  on  neuroglia  cells.  On 
ms  account  fibrous  tissue  is  prominent  in  certain  tyjies  of  lesions 
m the  brain,  for  instance  in  the  periphery  of  solitary  tubercles 
and  m the  walls  of  old  abscesses,  while  neuroglia  tissue  is  rela- 
tivel>  or.  actually  increased  wherever  nerve-cells  or  fibers  have 
drsappeared,^  as  in  scleroses  of  all  sorts  of  origin. 

Ihe  brain  is  practically  a solid  organ.  All  the  blood  and 
3 mph-\  essels  within  it  are  comparatively  small.  There  are  no 
arge  communicating  spaces  outside  of  the  meninges  and  ventricles 
that  offer  easy  routes  for  the  spread  of  infection.  On  this  ac- 
count tuberculous  lesions  starting  in  brain  tissue  grow  uniformlv 
periplierally  ami  form  solitary  fi, hordes  wl.ich  may  roach  a large 
- .e.  Ihey  do  not  sjiread  irregularly  unless  they  reach  the  men- 
inges or  a ventricle;  then  they  may  extend  rapidly. 

ihe  following  observations  in  regard  to  changes  which  take 
eshiblislled  is  injured  seem  to  lie  definitely 

If  the  body  of  a nerve-cell  is  destroyed  the  neuraxis  and  its 
termination  degenerate  and  disappear. 

If  a nerve-fiber  is  injured  or  severed  the  distal  portion  and  its 
cnmnatiou  .logonorato.  Thoro  also  occurs  an  ascon.ling  ditm 
cration  of  the  neuraxis,  at  least  as  far  as  the  first  node  of  Ranvior 
When  an  axis-cylimler  process  has  been  destroyed  the  nerve- 
40 
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cell  is  al)le  in  time  to  reiiroduce  it  again.  Regeneration  always 
takes  ])lace  from  the  proximal  end  of  the  nerve-fiber,  that  is,  from 
the  nndestroyed  iiortion  adjoining  the  nerve-cell,  or  from  the  cell- 
body  itself,  if  the  whole  fiber  has  been  destroyed. 

If  a nerve-fiber  is  destroyed  and  regeneration  does  not  take 
})lace,  as  following  an  amputation,  the  cell-body  undergoes  cer- 
tain alterations. 

These  generally  accejited  facts  in  regard  to  the  neuron  have 
been  established  by  the  study  of  the  embryologic  development 
of  the  central  nervous  system,  by  oliservation  of  appropriate 
clinical  cases,  and  by  much  experimental  work.  They  are  of 


Fig.  472. — Nerve  of  rabbit  following  section  and  suture,  a,  Normal;  b and  c, 
endothelial  leukocytes  in  nerve  filled  with  myelin  and  fat. 


great  importance  for  the  clear  understanding  of  the  various  lesions 
of  the  central  nervous  system. 

Retrograde  Changes. — Various  changes  are  found  in  the 
central  nervous  system  in  connection  with  the  lesions  occurring 
in  it.  Those  affecting  the  nerve-cells  and  their  jtrocesses  are  the 
most  important. 

Much  work  has  been  done  on  the  ganglion  cells  by  means  of 
the  Xi.ssl  staining  method  which  renders  the  chromatophile 
granules  or  tigroid  Inxlies  in  the  cytoplasm  noticeably  prominent. 
1 he  changes  obtained  by  experimental  work  on  animals  are  more 
trustworthy  than  those  observed  in  man,  l)ecanse  it  is  always 
difficult  to  d(‘termine  to  what  extent  the  alterations  found  are 
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due  to  jiostmortem  cliangcs.  The  tigroid  bodies  may  dissolve 
and  disappear  (cliromatolysis),  the  cell-body  swell,  and  the  nu- 
cleus become  perij)herally  located.  These  are  the  three  prin- 
cipal changes  aside  from  necrosis. 

The  ])resence  of  fat  in  nerve-cells  is  always  a sure  guide  to 
disturbances  of  metabolism.  In  the  cell-body  it  must  be  dis- 
tinguishetl  from  the  ])igment  granules,  which  are  also  stained 
by  osmic  acid,  l)ut  less  intensely.  In  the  nerve-fibers  fat  is  of 
frequent  occuirence  in  a variety  of  conditions,  but  especially 


Fig.  47.3. — Cerobolluin.  Calcifiod 


rorpora 

fibers. 


ainylacoa  surrounded  by  neurogli; 


in  acute  infectious  jirocesses,  such  as  diphtheria  and  acute  eindemic 
cerebrosinnal  meningitis,  when  it  may  be  wide-spread  in  the  brain 
cord  and  perijiheral  nerves.  It  also  occurs  locally  in  the  brain 
and  cord  around  fat  emlioli,  trichime,  abscesses,  etc.  When 
the  nerves  undergo  comjdete  degeneration  the  fat  and  the  myelin 
are  taken  up  by  endothelial  leukocytes  and  slowly  digested 

Necrosis  of  nerve-cells  is  mo.st  common  in  focal  lesions  due  to 
cutting  off  nutrition  by  thrombus  or  embolus,  or  to  infection  as 
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in  anterior  ixilioniyelitis.  It  jn-obably  occurs  also  to  some  ex- 
tent as  the  result  of  strong-  diffusible  toxins,  but  is  not  demon- 
strable with  the  same  certainty. 

Xecrotic  nerve-cells  sometimes  undergo  calcification  and  per- 
sist indefinitely  in  the  lesions  where  they  occur.  Lime-salts  occur 
normally  in  the  inneal  gland  and  are  also  deposited  in  corpora 
amylacea,  in  the  walls  of  hyaline  blood-vessels,  and  in  necrotic 
parts  of  brain  tumors.  Occasionally  the  lime-salts  incite  adjoin- 
ing fibroblasts  to  organization  and  as  a result  bone-cells  are 
formed. 

Hyalin  occurs  frequently  in  tlie  central  nervous  system  in 
the  small,  concentrically  layered  balls  known  as  corpora  amylacea, 
and  normally  as  the  ground  substance  of  the  brain  sand  in  the 
pineal  body.  It  is  also  occasionally  formed  abundantly  in  the 
walls  of  blood-vessels,  especially  in  the  cerebellum,  and  often 
undergoes  calcification,  so  that  rarely  large  concretions  niay 
result,  or  stiff  blood-vessels  which  jiroject  from  the  cut  surface 
like  ends  of  wire. 

Disturbances  of  Circulation. — Excess  or  insufficiency  of 
l)lood  in  the  brain  may  have  serious  consequences  owing  to  the 
im]xjrtance  of  the  organ.  Congestion  is  of  frequent  occurrence, 
being  caused,  for  instance,  by  sunstroke,  alcohol,  and  various 
acute  infectious  processes,  especially  when  located  in  the  menin- 
ges. It  may  give  rise  to  more  or  less  edema  of  the  brain  tissue. 
Chronic  pa.ssive  congestion  does  not  seem  to  cause  any  serious 
disturbance. 

Sudden  anemia  leads  to  loss  of  consciousness,  but  when  the 
anemia  arises  slowly  the  brain  accommodates  itself  more  or  less 
succes.sfully  to  the  condition. 

The  more  imixirtant  lesions  of  circulatory  origin  are  two  in 
number,  hemorrhage  and  local  anemia  or  infarction. 

Hemorrhage  may  take  place  into  the  brain  or  cord  substance, 
into  a brain  cavity,  or  into  the  meninges.  It  may  be  miliary 
in  size  and  jwoduce  little  or  no  effect,  or  so  large  that  death 
results  immediately.  If  the  hemorrhage  is  of  any  size  it  exerts 
iwessure  on  the  surrounding  tissue  and  causes  more  or  less  anemia. 
It  is  often  accompanied  or  followed  by  multiple  miliary  perivas- 
cular hemorrhages. 

Hemorrhage  usually  takes  place  from  arteries,  rarel}^  from 
veins,  and  certainly,  as  a rule,  from  vessels  which  are  weakened 
as  the  result  of  chronic  degenerative  changes  (arteriosclerosis) 
or  acute  toxic  or  infectious  lesions.  Sometimes  it  occurs  in 
tumors,  especially  gliomas. 

If  the  hemorrhage  does  not  cause  death,  it  is  followed  by 
the  proce.s.ses  of  rejiair  which  begin  at  the  periphery  and  slowly 
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work  toward  the  center.  The  blood  clots,  tlie  fluid  cont('nts 
are  squeezed  out  and  absorbed.  The  hemoglobin  to  a large  ex- 
tent escapes  from  the  red  blood-corpu.scles.  Part^  of  it  gives 
rise  to  hematoidin  crystals  while  the  rest  is  transformed  by 
endothelial  leukocytes  into  hemosiderin  and  gradually  digested. 
Granulation  tissue  composed  of  blood-vessels  and  connective 
tissue  slowly  invades  and  organizes  the  fibrin,  but  it  is  rarely 
abundant  and  it  never  fills  uj)  the  cavity  completely.  The 
amount  of  connective  tissue  formed  is  small,  unless  there  was  much 
fibrin  to  organize.  The  surrounding  neuroglia  tissue  prolifer- 
ates to  some_  extent,  but  not  abundantly.  The  final  result  is  a 
cyst  filled  with  fluid,  and  often  traversed  by  delicate  strands 
comimsed  of  neuroglia  and  connective  tissue  and  capillary  blood- 
vessels. The  walls  of  the  cysts  in  the  earlier  stages  of  formation 

are  infiltrated  with  endothelial  leukocytes  containing  hemosiderin 
and  fat. 


Local  anemia  or  mfarction  of  the  brain  is  fairly  common, 
])articularly  in  old  age,  and  is  always  serious,  but  especially  so 
Mhen  it  involves  important  nerve-cell  centers  or  fiber  tracts. 
The  lesion  is  usually  due  to  thrombosis  on  top  of  arteriosclerotic 
changes  m the  blood-vessels,  but  is  also  often  the  result  of  embolus. 
If  the  vessel  is  but  partly  occluded  only  the  more  highly  differ- 
entiated nerve-cells  may  undergo  necrosis  and  disaiipear,  just  as 
the  muscle-fibers  do  under  similar  conditions  in  the  heart.  The 
result  is  more  or  less  sclerosis  although  there  has  been  no  imu-ea.sed 
production  of  neuroglia  fibers. 

AMien  the  vessel  is  completely  obstructed  and  all  the  tissue- 
cells  are  killed  they  are  dissolved  and  the  fluid  portions  absorbed. 
iMyelm  ami  other  fatty  substances  are  taken  uji  by  endothelial 
eu  vocytes  which  often  accumulate  in  large  numbers  around  the 
lesions,  and  especially  in  the  adventitia  and  intiina  of  the  blood- 
vessels m the  neighborhood  of  the  focus. 

But  little  reaction  on  the  part  of  the  blood-vessels  and  con- 
nective tissue  occurs,  because  no  fibrin  is  ordinarily  formed 
am  , t leiefore,  they  are  not  stimulated.  Regeneration  of  the 
neuroglia  tissue  takes  jilace  only  to  a limited  extent,  not  enough 
cavity  which  remains  as  a cyst  filled  with  clear  serous 
iml.  the  brain  tissue  does  not  ordinarily  collapse  and  neuroglia 
tissue  does  not  contract  to  any  extent;  therefore, the  scars  of  most 
otiier  organs  are  here  replaced  by  cysts. 

Lesions  of  Mechanical  Origin.— The  brain  and  cord  may  be  af- 
fected mechanically  in  a variety  of  ways,  by  trauma,  by  hemor- 
rhage or  by  iiressure. 


1.  Trauma  is  of  common  occurrence.  It  may  be  caused 
directly  by  a blow,  a fall,  a bullet,  or  indirectly  by  contrecoup. 
It  Irequently  leads  to  hemorrhage. 
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2,  Hemorrhage  iiiuy  take  place  within  the  brain,  (lisru]:)ting 
it,  owing  to  rupture  of  a blood-vessel  usuallj^  as  the  result  of 
arteriosclerotic  changes,  or  in  the  meninges  from  laceration  as 
a result  of  trauma,  or  in  consequence  of  so-called  hemorrhagic 
Iiachymeningitis.  Hemorrhage  always  causes  pressure. 

3.  Pressure  may  be  exerted  on  brain  and  cord  tissue  from 
within  or  from  without. 

(a)  Internal  pressure  may  be  due  to  tumor,  hemorrhage, 
abscess,  solitary  tubercle,  gumma,  internal  hydrocephalus. 

(b)  External  iiressure  may  be  exerted  by  inflammatory  exu- 
dations (meningitis  due  to  various  organisms),  tumors  (dural 
endothelioma),  abnormalities  (cholesteatoma),  hemorrhage. 


Fig.  474. — Brain.  Softening  due  to  arteriosclerosis.  One  large  neuroglia 
cell  with  numerous  fibrils;  several  endothelial  leukocytes  filled  with  fat- 
droplets. 


4.  Caisson  disease  is  the  term  ap]:>lied  to  mechanical  lesions 
of  the  central  nervous  system,  due  to  sudden  exjiansion  of  gases 
in  the  tissues  in  consequence  of  too  rapid  lowering  of  external 
air  pressure  following  compression. 

Lesions  of  Toxic  Origin. — Toxins  of  various  sorts,  but  es]ie- 
cially  of  infectious  origin,  cause  retrograde  changes  in  the  neurons 
of  the  central  nervous  system.  They  reach  the  cells  through  the 
circulation  or  by  direct  diffusion  from  lesions  in  the  meninges. 
The  changes  are  shown  by  alterations  in  the  cell-bodies  and  by 
the  jiresence  of  fat  not  only  there,  Init  also  in  the  nerve-fibers. 
If  the  fat  is  not  too  abundant  it  will  in  time  be  used  up  and  disap- 
jiear  so  that  recovery  can  take  ]dace,as  after  di])htheria.  It  seems 
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]:)rohable  that  under  certain  conditions  more  or  less  extensive 
ditluse  necrosis  of  nerve-cells  must  take  ]:>lace,  just  as  occurs  in 
some  of  the  other  organs,  as,  for  instance,  the  liver,  heart,  and 
kidne}'. 


The  neuroglia  cells  may  also  be  affected  I)}'  toxins,  especially 
those  diffusing  from  infectious  processes  in  the  meninges,  as  in 
acute  epitlemic  cerebrospinal  meningitis. 

Lesions  of  infectious  origin  are  of  frequent  occurrence  within 
the  brain  tissue,  and  may  be  due  to  a variety  of  organisms.  The 
infectious  agent  may  be  brought  l)y  the  circulation,  or  reach  the 
tissue  by  direct  extension  from  a lesion  in  adjoining  tissues,  such 
as  the  meninges  or  the  middle  ear  or  mastoid  cells,  or  be  introduced 
mechanically  on  a foreign  body,  such  as  a bullet,  or  it  may  extend 
along  the  l3unphatics  from 
the  nares. 

The  infectious  lesions 
of  the  brain  and  cord  de- 
mand persistent  study 
until  the^"  are  entirely 
cleared  up,  because  on  a 
thorough  knowledge  of 
them  depends  the  under- 
standing of  the  secondary' 
degeneration  of  nerve 
tracts  which  follows  them. 

The  pus-cocci  and  es- 
pecially the  staph,ylococ- 


Fig.  47.5. — Anterior  polioinyoliti.s.  First 
stage  in  necrosis  of  ganglion  cell. 


cus  aureus  produce  focal  inflammatory  lesions  which,  as  a rule, 
quickly  undergo  softening  and  abscess  formation.  The  lesions 
may  occur  singly  and  reach  a considerable  size,  or  be  multiple 
and  cau.se  death  quickly.  They  are  often  complicated  by  hem- 
orrhage which  may  completely  mask  the  underlying  ])rocess. 
Occasionally  the  infecting  organism  dies  out  and  rt'jtair  takes 
place,  usually  with  the  production  of  much  filtrous  tissue  in  the 
wall,  itrobably  owing  to  the  stimulation  of  the  fibroblasts  by  the 
new-formed  filtrin. 

Sometimes  infectious  ]wocesses  in  the  meninges  extend  along 
the  blood-vessels  into  the  brain  tissue,  for  instance,  in  meningitis 
due  to  the  anthrax  bacillus. 

An  organism,  not  yet  named,  which  has  been  identified  with 
acute  anterior  poliomyelitis  causes  that  symptom-complex  and, 
perhaps,  others  not  j^et  definitely  recognized.  The  organism  is 
exceedingly  minute  and  is  found  not  only  in  the  cord  and  brain, 
but  also  elsewhere  in  the  body.  It  is  possible  to  infect  monkeys 
with  It  and  to  transfer  the  infection  from  one  animal  to  another. 
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I-iS.  4/ ().— Anterior  poliomyelitis,  a and  h,  Necrotic  ganglion  cells  being 
invaded  by  polymorphonuclear  leukocytes;  c,  endothelial  leukocytes  in  space 
formerly  occupied  by  ganglion  cell;  d,  last  stage  in  repair;  a few  endothehal 
leukocyte's  still  remaining  m neuroglia  mesh-work. 


Fig.  477.— Anterior  poliomyelitis.  Endothelial  leukocytes  in  space  formerly 

occiijiied  by  a ganglion  cell. 
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In  acute  anterior  poliomyelitis  the  infecting  agent,  through 
the  toxin  which  it  eliminates,  causes  necrosis  of  the  ganglion 
cells  which  are  then  invaded  by  polymorphonuclear  or  endothelial 
leukocytes  or  by  both  dissolved  and  removed.  As  a result  of 
the  toxin  and  of  substances  derived  from  the  necrotic  nerve-cells 
considerable  infiltration  with  lymphocytes  takes  ])lace.  They 
often  accumulate  in  fairly  large  numbers  around  the  blood-ves- 
sels, along  the  ])aths  of  absorption. 


Tig.  478.  bypliilis,  ac(iuirod.  Brain.  Infiltration  with  numcron.s  endothe- 
lial leukocytes. 


The  extent  and  severity  of  the  lesion  evidently  depend  on 
the  numl)er  of  organisms  present  and  the  strength  of  the  toxin 
secreted.  Sometimes  one  side  of  the  cord  is  injured  more  than 
the  other.  The  lesion  may  affect  only  a small  i^ortion  of  the 
cord  or  extend  its  entire  length,  or  even  involve  })arts  of  the 
brain  or  possibly  occur  there  only. 

Tuberculosis  of  the  brain  and  cord  substance  may  occur  as 
miliary  tubercles,  as  conglomerate  tubercles,  and  as  the  solitary 
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tul)crcle.  They  represent  sinijily  different  stages  in  the  devel- 
opment of  tlie  lesion  caused  by  the  tubercle  bacillus. 

Miliary  tuberculosis  is  probably  not  so  rare  as  is  generally 
supposed,  but  the  tubercles  when  very  small  are  not  visible  to 
the  naked  eye  because  they  do  not  stand  out  in  contrast  with  the 
surrounding  nerve  tissue.  The  conglomerate  tubercles  on  the 
other  hand  are  more  conspicuous  and  are  occasionally  found  in 
considerable  numbers  (ten  to  over  thirty  in  three  different  cases) 
located  chiefly  in  the  cortex. 


I'ig.  479. — Sypliilis,  accjiiirecl.  Brain.  Xeuroglia  cell  extending  around 
masses  of  fibrin  in  neighborhood  of  gumma. 

The  solitary  tubercles,  which  are  only  large  conglomerate 
tubercles,  may  reach  the  size  of  a hen’s  egg  and  are  sometimes 
multijile. 

ruberculosis  often  extends  along  the  blood-vessels  into  the 
surface  of  the  brain  from  lesions  in  the  meninges. 

Syphilitic  infection  of  the  brain  and  cord  may  take  two  distinct 
forms.  The  treponema  pallidum  may  excite  focally  a fairly  active 
inflammatory  process  which  may  be  complicated  by  necrosis 
(gumma  formation)  owing  to  involvement  and  occlusion  of  the 
blood-vessels.  In  the  other  form  the  treponemas  are  spread  more 
or  less  rliffusely  in  the  gray  matter  of  the  brain  or  cord  or  both,  and 
slowly  cause  very  slight  injury  and  inflammatory  reaction.  The 
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l^rocess  in  this  res])cct  resembles  the  milder  tyjx'  of  reaction  in 
the  liver  and  other  organs  in  congenital  S3'philis.  There  occurs 
as  a result  of  the  mfection  a gradual  increase  of  neuroglia  tissue 
(sclerosis)  and  an  atrophy  and  disappearance  of  ganglion  cells, 
followed  by  loss  of  nerve-fibers  in  the  brain  and  cord  and  a rela- 
tive increase  of  neuroglia  tissue  in  their  place.  This  type  of  lesion 
causes  at  least  the  tAvo  s^mdromes  knoMm  clinicall}^  as  general 
paresis  and  locomotor  ataxia,  and  perhaj^s  some  others. 

In  trichiniasis  the  trichinella  spiralis  sometimes  emigrates 
from  the  blood-vessels  hi  the  brain  and  causes  small  focal  inflam- 
inator}  lesions  there  just  as  in  the  heart,  liver,  and  pancreas. 
The  parasites  soon  die  and  noth- 
ing is  left  of  the  lesion  finally 
l)ut  an  area  of  sclerosis. 

Sclerosis. — Sclerosis  of  the 
central  nervous  system  corre- 
.sponds  to  the  same  condition  in 
the  liver  (cirrhosis)  and  kidney 
(chronic  nephritis),  but  it  is  evi- 
denced liy  relative  or  actual  in 
crease  of  neuroglia  tissue  instead 
of  connective  tissue.  It  follows 
a great  variety  of  lesions  of  cir- 
culator}', mechanical,  toxic,  and 
infectious  origin.  It  is  an  end 
n'sult.  How  it  arose  in  an  in- 
dividual instance  often  cannot 
be  determined.  It  follows  de- 
struction of  ganglion  cells  (acute 
anterior  poliomyelitis),  or  of 
nerve-fil)ers  (injury  of  spinal 
cord,  hemorrhage  in  white  mat- 
ter of  brain). 

Owing  to  the  anatomic 
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structure  of  the  central  nervous  system  scleroses  are  not  distril)- 
ute(l  irregularly  as  in  most  other  organs,  but  occur  at  the  site  of 
original  injury  and  then  follow  secondarily  certain  definite  nerve- 
hber  tracts.  These  secondar}^  degenerations  are  ver}^  important 
clinically  and  have  been  carefully  studied  in  the  laborator}^,  chiefly 
l)y  means  of  the  myelin  sheath  and  the  neuroglia  stains.  One 
method  shows  absence  of  nerves,  the  other  relative  or  aixsolute 
increase  of  neuroglia  tissue  where  nerve-fibers  or  cells  have  dis- 
appeared. Both  methods  are  useful. 

Simple  degeneration  and  disaiipearance  of  nerve-fibers  does 
not  cause  actual  increase  of  neuroglia  cells  and  fibrils.  They 
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P'ig.  4SL— Treponemata  pallida  in  the  cortex  of  the  cerebrum  in  general  pare- 
sis. From  a stained  preparation  received  from  PI.  Noguchi. 


Fig.  4S2. — Cen4)rurn.  Sclerosis.  From  a case  of  general  paresis. 


ORGANS  THE  CENTRAL  NERVOUS  SYSTEM 


637 


Fig.  483. — Cerebellum.  Gliosis  in 
a boy  four  years  old. 


Fig.  484. — Cerebellum.  Scler- 
osis. Increase  of  neuroglia  ti.ssue- 
hyaline  formation.  ’ 


lig.  48.3. — Sjiinal  cord. 


tdiosis  m a ease  of  Gower’s  combined  system  disease. 
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lire  siiiijily  lirouglit  into  closer  a]i])osition  and  therefore  appear 
increased  in  nuinher.  On  the  other  hand,  when  neuroglia  cells 
have  l)eeii  injured  by  toxins,  active  regeneration  occurs;  mitotic 
figures  are  occasionally  numerous  and  new  fibrils  are  jiroduced. 
Such  an  actual  increase  sometimes  occurs,  for  instance,  as  the 
result  of  toxin  diffusing  into  the  brain  substance  in  e])idemic 
cerel  irospinal  meningi  t is . 

Tumors. — The  tivo  important  primary  tumors  of  the  central 
nervous  system  are  the  glioma  and  the  dural  endothelioma.  The 
first  arises  within  it,  the  other  on  its  surface,  liut  owing  to  the 
rigidity  of  the  surrounding  walls  is  pressed  into  the  brain  or  cord 
depending  on  its  location.  These  two  ty]ies  of  new-growths  will 
be  found  fully  descrilied  in  the  section  on  tumors. 

Other  ]irimary  tumors  are  of  rare  occurrence.  Metastases 
from  new-growths  arising  elsewhere  in  the  body  are  more  common. 

The  cholesteatoma  is  not  a new-growth,  Init  a tumor-like  mass 
of  cornified  epithelial  cells  iiroduced  liy  disiilaced  e]:>il)lastic  cells 
which  in  their  normal  location  would  have  formed  part  of  the  ejii- 
dermis. 


PIA 

The  lesions  involving  the  pia  arc  more  numerous  and  inpmrtant 
than  those  affecting  the  dura  and  are  limited  chiefly  to  infectious 
processes. 

Edema  of  the  pia  is  of  frequent  occurrence,  but  is  of  little 
significance  be^amd  its  frequent  indication  of  atrojihy  of  l)rain 
tissue. 

Infection  of  the  meninges,  known  as  meningitis,  is  of  com- 
mon occurrence  and  may  lie  caused  liy  a variety  of  organisms. 
The  diplococcus  intracellularis  meningitidis,  the  cause  of  acute 
epidemic  cerebrospinal  meningitis,  holds  first  ]ilace,  but  other 
common  infectious  agents  arc  the  dijilococcus  lanceolatus,  the 
.streptococcus  ])yogenes,  the  tubercle  bacillus,  etc. 

The  exudation  consi.sts  of  serum  and  ixiljunorjihonuclear 
leukocytes.  Much  fibrin  may  be  formed  and  red  blood-coqnis- 
cles,  due  to  hemorrhage,  sometimes  conqilicate  the  lesion  as  in 
meningitis  caused  by  the  anthrax  liacillus.  Endothelial  leuko- 
cytes are  sometimes  fairly  numerous  especially  in  the  later  stages 
of  infection  ami  often  show  marked  ])hagocytosis. 

The  e})ideniic  type  of  lesion  is  a])])arently  the  only  one  which 
sometimes  undergoes  recovery.  All  the  others  are  probalily  fatal. 

The  fibrin  in  the  lesion  when  not  dissolved  leads  to  organiza- 
tion, a process  which  sometimes  causes  obliteration  of  the  foramen 
of  Magendie  with  the  conseciuent  jiroduction  of  internal  hydio- 
ce))halus. 
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Tuberculosis  occurs  as  luiliary  tubercles, 


or  as  a serofibrinous 


or  ])uruleiit  exudation,  especially  at  the  base  of  the  brain.  Infec- 
tion sometimes  extends  along  the  blood-vessels  into  the  coidex 


of  the  brain. 

►S}'philis  ver}"  rarely  appears  as  a diffuse  exudative  jiro- 
cess  vitli  the  formation  of  miliary  gummas.  ]\Iore  commonly 
the  infection  is  localized  in  and  around  the  blood-vessels 
in  some  particular  area.  The  jirocess  ma}^  heal  naturally,  or 
as  the  result  of  treatment,  and  leave  only  scars  to  mark  ’the 
sites  of  the  lesions. 
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Fig.  4SG.  Spinal  cord.  Epidemic  cerebrospinal 
lococcus  intracellularis  meningitidis  is  present  in  largi 
plasm  of  polynioriilionuclear  leukocytes.  M. 


meningitis.  The  dip- 
irge  numbers  in  the  cyto- 


DURA 

There  is  practically  just  one  pathologic  process  identified  Avith 
the  dura,  the  so-called  chronic  internal  hemorrhagic  pachymen- 
ingitis. The  lesion  is  due  apjAarently  to  a variety  of  causes,  not 
to  a single  one.  It  consists  of  hemorrhage  from  the  vessels  along 
the  inner  surface  of  the  dura,  followed  liy  organization  of  the  filirin 
formed.  The  condition  is  generally  chronic,  recurring  repeatedly 
so  that  quite  a thick  membrane  may  be  formed  in  time  consisting 
of  vascular  connective  tissue,  usually  containing  numerous  endo- 
tlielial  leukocytes  filled  with  blood  ]hgment.  The  hemorrhages 
may  be  minute  and  mnltijile  or  very  extensive. 
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DURAL  ENDOTHELIUM 

The  dural  endothelium  lines  the  cavity  between  the  dura  and 
the  i)ia-arachnoid.  Under  a variety  of  pathologic  conditions 
it  jirolilerates  and  forms  small  whorls.  Adjoining  fibroblasts  tend 
in  time  to  grow  in  between  the  endothelial  cells  so  that  it  looks 
as  if  the  endothelium  had  formed  collagen  fibrils. 

The  chief  imiiortance  of  the  dural  endothelium  lies  in  the  fact 
that  the  fairly  common  tumor,  known  as  dural  endothelioma, 
arises  from  it.  ’ 


ORGANS  OF  LOCOMOTION 

BONES 

Introduction. — The  bones  of  the  bod}'  are  liable  to  a variety 
of  lesions  of  mechanical  and  infectious  origin.  They  are  subject 
to  numerous  distuiTances  of  development  and  metabolism.  In 
addition  several  forms  of  tumors  arise  from  them. 

In  order  to  understand  l)one  repair,  and  especially  the  le- 
sions due  to  disturbances  of  development  and  metabolism,  an 
exact  knowledge  of  how  bone  is  formed  and  grows  is  necessary. 
Here  only  the  briefest  statement  in  regard  to  the  origin  and 
growth  of  bone  is  ]>ossible.  For  further  details  a good  histology 
should  be  consulted. 

Bone  is  tlifferent  from  all  other  tissues  in  having  an  abundant 
intercellular  substance  in  which  lime-salts  are  deposited.  If  the 
bone  cells  are  killed  this  calcified  intercellular  substance  im- 
mediately becomes  a huge  foreign  body  which  demands  removal. 
At  the  same  time  the  adjoining  periosteal  and  endosteal  cells  set 
about  forming  new  bone  to  rejhace  that  destroyed,  but  this  new 
bone  has  to  be  within  or  outside  of  the  old  bone,  not  in  its  ])lace, 
because  its  removal  requires  a long  time. 

In  studying  bone  lesions  it  is  helpful  to  l^ear  in  mind  that  bone 
cells  and  cartilage  cells  are  simply  somewhat  highly  differentiated 
fibroblasts.  The  fibrobla.st  produces  collagen  and  fibroglia  fibrils. 
It  is  callable  of  i)roducing  also  mucin,  chondromucin  or  osseonuicin, 
that  is,  of  becoming  a mucous  connective-tissue  cell,  a cartilage 
cell,  or  a bone  cell.  It  may  do  so  under  j)athologic  conditions 
almost  anywhere. 

Elastic  fibrils  are  often  ]iresent,  sometimes  in  large  numbers 
in  cartilage  and  bone  and  are  easily  stained  and  made  prominent. 
Collagen  fibrils  are  also  present,  but  the  homogeneous  substance 
between  them  usually  renders  them  invisible,  although  they  may 
be  demonstrated  by  sjx'cial  technical  methods. 

If  a fibroblast  has  turned  into  a cartilage  cell  it  is  rarely  or 
never  converted  into  a bone  cell.  Instead,  the  cartilage  cell  de- 
generates and  disappears  and  an  adjoining  fibroblast  turns  into  a 
bone  cell  to  take  its  place. 

Anatomy.  In  the  fetus  the  skeleton  is  fir.st  laid  down  in  carti- 
lage, except  in  the  calvarium  and  in  some  of  the  bones  of  the  face 
vhere  fibrous  tissue  takes  its  place.  Bone  begins  to  develop  in 
■11  (141 
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cartilage  by  an  ingrowtli  of  fibroblasts  (periosteal  buds)  accom- 
l)anied  by  blootl-vessels  from  the  outside  into  the  cartilage  where, 
as  the  endosteal  cells,  they  iiroceed  to  form  bone.  The  cartilage 
undergoes  certain  retrograde  changes  as  bone  begins  to  develop 
within  it. 

First  the  embryonic  cartilage  changes  into  hyaline  cartilage; 
the  cells  enlarge,  become  vesicular  and  in  the  diaphysis  of  the  long- 
bones  arrange  themselves  in  columns.  Calcification  of  the  matrix 
follows.  Capillary  vessels  invade  the  cartilage  at  different  points 
and  lead  to  the  disai^iiearance  of  the  cartilage  cells  adjoining  them. 
In  this  way  i)riniary  marrow-spaces  are  formed,  xiien  the  end- 


Fig.  4<S7  Line  of  os.sification  where  eartilage  is  replaced  by  bone.  M. 

osteal  cells  accomiianying  the  blood-vessels  form  a layer  of  bone 
cells  on  the  surface  of  the  columns  of  calcified  cartilage  matrix 
left  behind.  The  bone  tral)eculse  formed  in  this  way  are  later 
replaced  by  others  consisting  entirely  of  bone. 

1 he  ingrowth  of  periasteal  buds  and  the  formation  of  bone 
take  place  at  certain  points  called  centers  of  ossification.  At 
the  same  time  the  fibroblasts  on  the  outside  of  the  cartilage  take 
on  the  function  of  periosteal  cells  and  deposit  bone  on  the  outside 
of  the  cartilage.  I^ong  bones  have  three  centers  of  ossification; 
one  in  the  center  of  the  diaphysis  and  one  in  each  end.  The 
epi])hyseal  line  at  each  end  of  the  diaphysis  where,  up  to  adult 
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life,  hone  is  being  constantl}'  lornied  to  replace  newly  formed  carti- 
lage,  is  the  imjiortant  center  in  most  lesions  due  to  disturbances 
of  development  and  ot  metabolism,  because  the  lengthening  of 
the  bones  depends  on  growth  at  this  line. 

Membranous  bone  is  formetl  by  the  fibroblasts  directly  with- 
out the  necessity  of  getting  rid  of  any  cartilage. 

The  osteal  cell  sometimes  assumes  an  intermediate  form  be- 
tween fibroblast  and  bone  cell  which  has  long  been  known  as 
osteoblast.  The  osteoclasts  which  are  constantly  at  work  here 
and  there  dissolving  bone  are  endothelial  leukocytes,  often  fused 
together  to  form  giant-cells.  They  are  of  exactly  the  same 
origin  and  nature  as  the  foreign  body  giant-cells  wliich  occur  in 
many  locations  under  various  pathologic  conditions. 

Atrophy.  Bone  atrophies  1)y  disappearance  of  bone  cells  and 
of  the  intercellular  substance  over  which  they  have  charge.  Three 
forms  of  atrophy  are  recognized. 

In  lacunar  absorption  the  bone  disappears  through  the  action 
of  osteoclasts  which  probably  through  chemical  action  hollow  out 
spaces  in  the  bone.  This  type  of  lione  absorption  is  going  on  all 
the  time  under  normal  conditions  even  in  the  fetus,  but  is  as 
.steadily  countei balanced  by  the  formation  of  new  lione  except  in 
old  age.  Undei  j^athologic  conditions  this  ty]ie  of  absorjjtion 
may  be  greatly  increased. 

Bone  may  also  undergo  atrophy  through  the  formation  of 
perforating  canals  due  to  ingrowths  of  blood-vessels. 

A third  type  of  atrophy  is  known  as  halisteresis.  The  lime- 
salts  are  finst  dissolved  out  of  the  periphery  of  the  bone  leaving 
the  osteoid  material  as  a zone  around  the  undecalcified  jiortion. 
The  osteoid  material  contains  contracted  flat  lione  cells  and  per- 
sists for  awhile,  but  later  also  disajipears.  In  this  form  of  atrophy 
the  collagen  fibrils  in  the  osteoid  material  are  often  reiulered 
prominent. 

Although  the  form  of  l)one  atrophy  known  as  halisteresis  is 
generally  described  and  recopized,  its  existence  is  somewhat 
doubtful.  The  same  picture  is  often  presented  by  bone  in  the 
stage  of  fonnation.  It  is  ]x)ssible  that  halisteresis  is  a wrong 
interpretation  of  the  actual  condition  jiresent. 

Disturbances  of  Development  and  of  Metabolism. — There  is 
a series  of  bone  changes  due  to  disturbances  of  development  anti 

of  metal)olism.  The  more  common  ones  will  be  considered  here 
briefly. 

Rickets  is  the  name  given  to  a pathologic  condition  affecting 
the  growing  skeleton  and  characterized  by  deficiency  of  ossifica- 
tion, anti  by  increasetl  proliferative  activity  on  the  part  of  the 
osteogenetic  and  chontlrogenetic  cells.  It  appears  in  young  chil- 
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droll  chiefly  between  tlie  ages  of  six  months  and  two  years,  rarely 
later. 

The  exact  cause  of  the  condition  is  unknown,  but  the  lesions 
proliably  result  from  a deficiency  of  one  or  more  substances  which 
are  lacking  in  the  nutrition  supplied  and  which  are  necessary 
for  bone  formation. 

The  histology  of  the  bone  lesions  is  quite  complicated.  It  is 
best  studied  in  the  long  bones  where  the  relations  of  the  normal 
structures  are  comiiaratively  simjile  and  definite. 

Ihe  pathologic  changes  seem  to  be  dependent  on  two  different 
factors,  and  the  second  may  be  due  to  the  first. 

1.  Diminished  activity  of  the  normal  process  of  ossification 
as  a result  of  which  much  osteoid  tissue  is  formed.  This  is  the 
most  characteristic  lesion  of  rickets  and  occurs  in  all  the  bones, 
but  is  most  abundant  at  the  ends  of  the  diaphysis  adjoining  the 
growing  layer  of  epi]ihyseal  cartilage,  where  ossification  of  the 
columns  of  cartilage  cells  is  delayed.  It  is  claimed  that  osteoid 
tissue  may  also  be  formed  in  extreme  cases  of  the  disease  by 
absorption  of  lime-salts  already  deposited  (halisteresis). 

2.  Increased  iiroliferative  activity  of  the  osteogenetic  and  also 
of  the  perichondral  cells. 

Increased  activity  of  osteogenetic  cells  may  occur  within 
the  bone  or  on  the  outside.  Proliferation  of  the  endosteal  cells 
may  result  in  the  replacement  of  the  marrow  over  considerable 
areas  by  fibrous  and  osteoid  tissue.  On  the  outside  of  bones 
the  activity  of  the  ]ieriosteal  cells  forms  flat  deposits  of  osteoid 
material,  which  are  most  common  at  the  ends  of  the  diaphyses, 
and  also  on  the  calvarium  wliere  they  cause  the  ]irominent  angular 
siiuaring  of  the  skull  so  often  noticeable. 

Abnormal  activity  of  the  ])erichondral  cells  results  in  much 
increase  of  the  growing  cartilage,  so  that  it  often  jirojects  markedly 
beyond  the  adjoining  bone  and  forms  also  a much  thicker  zone 
than  usual.  The  rachitic  rosar}^  of  the  chest  and  the  enlarge- 
ment of  the  bones  at  the  ends  of  the  diaphyses  are  due  to  this  ex- 
cess of  cartilage  formation  and  to  the  delayed  calcification.  The 
hyjiertrophied  cartilage  zone  contains  many  more  blood-vessels 
than  normally  and  they  are  quite  irregularly  disposed.  The 
cartilage  instead  of  being  replaced  by  bone  jiroduced  by  endosteal 
cells  is  claiuK'd  to  be  transformed  by  the  cartilage  cells  them- 
selves into  osteoid  material.  These  changes  at  the  c]uphyseal 
line  an>  most  pronounced  where  growih  is  most  ra])id,  namely, 
at  tlie  junction  of  rib  and  cartilage,  at  the  lower  end  of  the 
femur,  the  ujijier  end  of  the  humerus,  etc. 

Ihe  bone  deformities  found  in  connection  with  rickets  are 
due  to  mechaincal  influences  of  body  weight  and  muscle  pull  acting 
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on  the  soft  hones.  Tiny  result  in  bends,  especially  of  the 
hones  of  the  lower  extremities,  in  buckles  and  sometimes  in  frac- 
tures. The  chicken  breast  is  due  to  the  yielding  of  the  ribs. 


d 


lug.  48S. — ()stitis  deformans,  a,  Absorption  of  lione  by  osteoclasts' 
b,  fibrous  tissue  filling  bone  marrow  spaces;  c and  e,  fibrillated  bone  tissue' 
d,  newly-formed  osteoid  bone.  ’ 


Rickets  heals  by  the  osteoid  tissue  taking  ujt  lime-salts,  while 
the  process  of  ossification  of  the  cartilage  gradually  assumes  its 
normal  course. 
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Tlie  pathologic  process  known  as  osteogenesis  wiperfecta  is  of 
congenital  origin,  but  its  cause  is  unknown.  That  the  centers  of 
gr(n\i;h  are  unaffected  is  shown  by  the  normal  length  of  the  bones. 
The  condition  is  due  to  some  disturbance  in  the  iirocess  of 
ossification.  The  osteal  fibroblasts  do  not  differentiate  iiroperly 
and  fully  into  bone  cells.  As  a result  but  little  lione  is  fonneci; 
it  is  thin  and  iiorous  and  breaks  readily  so  that  even  in  utero 
multiple  fractures  are  produced  in  all  parts  of  the  skeleton.  In 
the  healing  of  these  fractures,  on  the  other  hand,  plenty  of  lime 
salts  are  dejiosited  so  that  the  fractures  result  in  local  thickenings 
of  the  bones.  The  calvarium  may  remain  entirely  memliranous. 


a b 

1‘ip:.  489. — Bono.  Osteomalacia  following  pregnancy,  a,  Removal  of 
old  cortical  bone  by  osteoclasts;  h,  new-formed  cortex  composed  of  young 
trabecuke,  with  numerous  fibroblasts  between  them. 


kracture  of  the  bones  although  of  secondary  origin  constitutes 
the  most  characteristic  sign  of  the  condition.  The  fractures  often 
number  dozens;  in  one  instance  over  a hundred  were  counted. 

Ostitis  deformans  {V*2i^ei)  is  the  name  applied  to  a process  usually 
affecting  the  entire  skeleton,  occurring  in  adult  life  (after  the 
age  of  forty)  and  characterized  by  extensive  absorption  of  bone, 
and  especially  by  excessive  production  of  bone  substance,  which 
is  mostly  free  of  lime-salts.  The  lack  of  lime-salts  leads  to  curves 
and  bends  and  the  excessive  formation  of  bone  substance  to  thick- 
ening. The  skull  is  often  greatly  thickened,  two  to  three  centi- 
meters and  over,  and  usually  presents  a uniform  ai)pearance  with 
no  differentiation  into  cortex  and  diploe. 
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The  endosteal  cells  often  proliferate  and  fill  up  many  of  the 
marrow-spaces  so  that  solid  masses  of  fibrous  tissue  result.  Fre- 
quently the  osteoid  material  shows  marked  fibrillation. 

Osteomalacia  is  the  term  applied  to  a general  softening  of 
the  bones  all  over  the  body.  The  process  is  due  to  removal  of 
lime-salts  and  to  the  production  of  more  or  less  osteoid  material. 
It  may  occur  under  a variety  of  conditions  such  as  rickets  in  the 
young  and  as  a result  of  retrograde  changes  in  the  aged,  but  the 
term  osteomalacia  is  applied  specifically  to  a form  of  excessive 
softening  of  the  bones  which  occasionally  follows  pregnancy.  A 
slight  degree  of  the  same  process  occurs  normally  in  this  comlition. 

Histologically  the  bones  show  active  removal  of  the  old  tra- 
beculae by  means  of  numerous  osteoclasts  and  much  production  of 
fibroblasts:  some  of  these  differentiate  into  bone  cells  so  that 
numerous  young  trabeculae  are  formed,  but  only  a small  amount  of 
lime-salts  is  de]X)sited  in  them.  Between  the  new  trabeculae  arc 
masses  of  undifferentiated  fibroblasts. 

As  a result  of  these  changes  deformities  of  the  bones  occur, 
chiefly  bends  and  especially  fractures.  The  changes  affect  most 
markedly  the  pelvis  and  the  bones  adjoining  it,  namely  the  lumbar 
vertebrae  and  the  femora. 

Lesions  of  Mechanical  Origin. — Bones  are  very  commonly  the 
seat  of  lesions  of  mechanicla  origin,  such  as  fractures  of  various 
sorts,  bullet  wounds,  etc.  If  the  injuries  are  not  infected  repair 
depends  on  the  amount  of  bone  tissue  needed  to  reunite  the 
parts  or  to  fill  in  the  loss  of  substance,  and  on  the  amount  of  ne- 
crotic bone  and  other  tissues  which  have  to  be  removed.  New 
formation  of  bone  usually  plays  the  more  prominent  part. 

The  injured  tissue  leads  to  an  acute  inflammatory  exudation 
which  in  time  firings  about  the  removal  of  all  necrotic  material. 
At  the  same  time  the  periosteal  and  endosteal  cells  proliferate 
rapidly  and  fill  in  the  space  between  the  sejiarated  bone  surfaces, 
and  also  extend  for  some  distance  outside  of  the  affected  area. 
The  new-formed  tissue  is  at  first  vascularized  connective  tissue, 
but  trabeculse  of  young  bone  are  soon  formed  by  some  of  the  fi- 
broblasts differentiating  into  bone  cells.  This  young  bone  tis- 
sue is  commonly  called  a callus.  It  is  always  formed  in  consid- 
erable excess  of  ultimate  needs,  Init  later  is  built  over  again  and 
reduced  in  size  after  sufficient  calcification  has  taken  place  to 
render  the  bone  rigid.  Some  of  the  fibroblasts  in  a young  callus 
may  differentiate  into  cartilage  cells  if  excessive  mobility  of  the 
fracture  is  present. 

In  infected  fractures,  etc.,  the  necrosis  and  the  inflammatory 
exudation  are  usually  very  prominent  and  may  greatly  interfere 
with  the  process  of  repair  or  entirely  prevent  it. 
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Lesions  of  toxic  origin,  excejit  in  connection  with  infec- 
tion, do  not  seem  to  occur  in  l)one  outside  of  tiiat  produced  liy 
])lios])hoius.  In  mat  ell  iactories  the  vapor  of  this  element  some- 
times affects  the  periosteum  of  the  jaws,  especially  the  lower 
one,  when  exposed  by  the  presence  of  carious  teeth.  Under  this 
condition  the  vapor  causes  injury  followed  by  sclerosis  of  the 
bone  and  sometimes  by  the  formation  of  dense  osteophytes.  The 
extensive  necrosis  of  the  jaw  which  sometimes  occurs  is  not  due 
to  the  action  of  the  jihosphorus  itself  but  to  a secondary  infec- 
tion by  bacteria. 

Lesions  of  infectious  origin  are  frequent  in  bone.  They  may 
stait  as  a jieriostitis  owing  to  infection  from  wdthout,  or  as 
an  osteomyelitis  due  to  infection  of  hematogenous  origin  within 
the  bone.  Either  type  of  lesion  may  be  produced  secondary 
to  the  other  by  extension  of  the  process  through  the  cortex  of  the 
bone. 


J he  most  common  infecting  agent  is  the  stGphylococcus  ciureus, 
but  other  organisms  such  as  the  streptococcus  pjajgenes,  the 
pneumococcus,  and  following  typhoid  fever  the  typhoid  bacil- 
lus, sometimes  cause  lesions.  In  addition,  the  lesions  due  to 
the  tubeicle  bacillus  and  the  treponema  pallidum  belong  in  this 
grouj)  although  recpiiring  separate  consideration. 

Infectious  lesions  of  bone  may  extend  widely  beneath  the 
])eriosteum,  or  through  the  marrow  spaces  and  cause  more  or  less 
extensive  necrosis  (sequestrum)  of  the  bone.  Destruction  of  the 
marrow  in  a bone  is  of  little  consequence,  but  necrosis  of  the 
shaft  of  a long  Ixme  is  of  grave  importance,  because  of  the  great 
difficulty  of  getting  rid  of  the  dead  bone  by  natural  means.  It 
forms  a massive  foreign  body  and  remains  for  months  and  years 
after  the  infection  has  ceased,  and  of  itself  becomes  an  injuri- 
ous agent.  Nature  attempts  to  dissolve  and  remove  it  and  at 
the  same  time  to  form  a new  shaft  around  it.  The  jiropcu’  treat- 
ment is  surgical  removal  so  that  the  pi'riosteum  left  behind  may 
form  a new  shaft. 

1 iiherculosis  of  bones  nearly  always  begins  as  tulierculosis 
C)f  the  marrow  with  secondary  involvement  of  the  bone  substance, 
rarely  by  direct  extension  from  some  tuberculous  focus  on  the 
outside.  The  first  lesion  is  a miliary  tulxTcle  which  gradually 
enlarges  so  that  one  or  more  caseous  masses  are  formed.  The 
bone  tissue  involved  is  killed  and  may  be  dissolved  and  disajijiear, 
or  it  may  jiersist  in  the  caseous  material  as  a secpiestrum.  Some- 
times softening  of  the  caseous  material  takes  place  so  that  an 
abscess  results. 

tuberculosis  of  bones  usually  starts  in  spongy  bone,  in  the 
marrow  of  the  epijihyses  of  long  bones,  in  the  dia])hyses  of  short 
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[)ones,  ill  the  bodies  of  the  vertelirie,  etc.  It  may  extend  to 
the  periosteum  and  into  the  surromiding  tissues. 

Si/p/iilis. — Bone  lesions  are  of  frequent  occurrence  in  ac- 
quired S37)hilis,  occasional!}^  during  the  secondary  stage,  but  most 
often  during  the  tertiaiy.  They  may  start  in  the  bone  marrow  or 
in  the  periosteum  and  are  characterized  in  general  liy  more  or 
less  new  formation  of  bone. 

The  lesion  begins  as  a focal  or  diffuse  inflammatory  process 
with  more  or  less  exudation  and  much  increase  of  connective  tissue 
owing  to  the  prominence  of  the  process  of  repair.  As  the  connec- 
tive tissue  arises  from  osteal  cells  it  is  natural  that  some  of  them 
should  differentiate  into  bone  cells.  The  result  is  the  formation 
of  much  new  bone  which  may  show  as  a sclerosis  within  the  bone 
or  as  thickening  (periostitis,  osteophytes)  on  its  outer  surface. 

If  blood-vessels  become  occluded  as  the  result  of  the  inflam- 
niator}^  piocess  necrosis  occurs.  It  niay  be  slight  or  extensive 
and  involve  any  tissue  within  the  focus  of  inflammation,  or  ex- 
tend outside  of  it  according  to  the  distribution  of  the  vessels 
affected.  These  lesions  are  readily  recognized  as  gummas.  The 
simple  inflammatory  lesions  are  not  so  easily  identified  unless 
the  presence  of  spirochaetes  is  demonstrated,  or  the  clinical 
histor}'  renders  their  nature  fairly  olivious. 

hen  necrosis  occurs  the  bone  involved  undergoes  softening 
and  absorjotion.  dlie  erosions  of  lione  caused  b}^  lesions  of  the 
peiiosteum  are  particularly  noticeable  and  more  or  less  charac- 
teristic, owing  to  the  new  bone  regularly  formed  at  their  edges, 
where  necrosis  has  not  occurred,  by  the  reparative  tissues  as 
already  described. 

The  bone  lesions  due  to  syphilis  do  not  seem  to  have  any 
foci  of  predilection.  They  may  occur  anywhere  in  any  bone  and 
m the  epiphysis  or  diaphysis.  They  are  usually  described  as  favor- 
ing bones  covered  by  skin,  dhey  certainly  are  more  easily 
recognized  here  clinically  but  o’-ray  examination  often  discloses 
them  in  various  other  unsuspected  locations. 

Alacroscopically  the  s}q:)hilitic  lesions  ajipear  gre^ush  and  gela- 
tinous and  may  show  more  or  less  extensive  areas  of  caseation. 

In  congenital  syphilis  the  most  characteristic  and  constant 
lesion  occurs  along  the  line  of  ossification  in  the  liones.  The 
jirocess  of  ossification  of  the  cartilage  is  dela^^ed.  As  a result 
the  columns  of  calcified  cartilage  matrix  extend  much  farther 
tnan  normally  and  liecome  prominent.  Bone  marrow  forms  in 
between  them.  jMacroscopically  instead  of  the  normal  sharp 
narrow  line  of  ossification  there  exists  a liroad  yellowish  white 
zone  which  fades  out  on  the  side  towards  the  dia])hysis. 

frequently  there  occurs  also  an  increase  of  blood-vessels  and 
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connective  tissue  (granulation  tissue)  extending  into  the  cartilage 
along  the  upper  bonier  of  the  line  of  ossification  and  giving  it  a 
jagged  ajipearance. 

In  consequence  of  the  lesion  at  the  line  of  ossification,  with 
the  resulting  lack  of  firm  union,  the  epiphysis  is  sometimes  sep- 
arated from  the  diaphysis  in  utero  or  at  the  time  of  birth. 

The  bone  lesion  peculiar  to  congenital  syphilis  is  jiretty  gen- 
erally distributed  throughout  the  body,  but  as  in  rickets  is  most 
marked  where  most  rapid  growth  is  taking  place,  namelv,  at  the 
lower  end  of  the  femur,  etc. 

A less  constant  bone  lesion  found  in  congenital  syphilis  is 
periostitis  ossificans,  as  a result  of  which  osteophytic  deposits 
maj  be  formed  at  the  ends  of  the  diaphysis  and  in  time  extend 
along  the  shafts  of  the  l)ones. 

Tumors.  -Hone  is  built  up  from  fibroblasts  (osteal  celts)  which 
arc  capable  of  diffeientiating  into  bone  or  cartilage  cells.  Tumors 
sometimes  arise  from  these  filiroblasts  and  their  cells  may  differ- 
entiate in  the  same  way.  Other  types  of  tumors  may  originate 
within  bone  from  the  cells  of  the  bone  marrow^:  they  are  discussed 
under  that  heading. 

The  tumors  arising  from  osteal  cells  may  gro\v  rapidly  or 
slowdy  and  may  differentiate  into  bone  cells  or  cartilage  cells,  or 
remain  as  fibroblasts.  Frequently  all  three  types  of  cells  and  also 
mucous  connective-tissue  cells  are  formed  so  that  one  type  of 
mixed  tumor  results.  The  tumors  may  arise  within  the  bones 
from  endosteal  cells  or  on  the  outside  from  the  periosteal  cells. 
They  may  grow  slowdy  and  remain  small,  or  proliferate  rapidly 
and  reach  a large  size.  The  osteoid  substance  may  remain  as 
such  or  become  calcified. 
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ADRENAL  GLANDS 

Introduction. — More  or  less  complete  destruction  of  the 
adrenal  glands  is  of  great  importance  pathologically  because  of 
the  physiologic  disturbances  which  follow.  They  are  included 
under  the  clinical  term,  Addison’s  tlisease.  Destruction  of  the 
adrenal  glands  is  due  more  often  to  tuberculosis  than  to  any 
other  cause;  on  this  account  tuberculosis  occuj)ies  the  most 
l)roniinent  position  among  the  lesions  affecting  them.  Perhaps 
next  in  importance  are  the  primary  tumors.  Other  lesions  are 
of  much  minor  significance. 

Anatomy.— The  cortex  and  the  medulla  of  the  adrenal  glands 
originate  separately,  the  cortical  cells  from  the  mesoblast,  the 
medullary  cells  from  the  sympathetic  nervous  system.  The 
cortex  is  composed  of  epithelial  cells  which  form  three  layers 
knovm  as  zona  glomerulosa,  zona  fasciculata  and  zona  reticularis 
respectively.  Fat  (li])oids)  is  present  in  these  cells  normally, 
most  alxindantly  in  the  zona  fasciculata.  The  cells  of  the  zona 
reticularis  contain  brownish  pigment  granules  Avhich  increase  in 
number  with  age. 

Tlie  medulla  is  composed  of  polymor]:)hous  cells  with  delicate 
cytoplasm  containmg  granules  which  can  be  fixed  by  chrome 
salts.  On  this  account  the  cells  have  been  named  chromaffine 
cells. 

The  medulla  also  contains  typical  ganglion  cells  of  the  sym- 
jiathetic  nervous  system. 

The  stroma  of  the  adrenal  glands  contains  numerous  blood- 
vessels of  capillary  ty])e  and  but  little  connective  tissue,  especially 
in  the  cortex. 

Macroscopically  the  organs  show  three  la}Trs;  a yellow 
cortical  layer  composed  of  the  two  outer  zones;  a l)rown  layer 
due  to  the  pigment  in  the  zona  reticularis,  and  a grejdsh  Avhite 
center  which  is  the  medulla. 

Physiology. — The  function  of  the  cortical  cells  of  the  adrenal 
glands  is  not  known,  but  they  seem  unquestionably  to  be  necessary 
lor  the  maintenance  of  life.  It  is  thought  that  they  may  neu- 
tralize certain  toxms  produced  normally  in  the  body. 

The  chromaffine  cells  of  the  medulla  produce  the  chemical 
substance  known  as  adrenalin  which  possesses  certain  character- 
istic physiologic  properties. 
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Disturbances  of  Circulation. — Heiiiorrliciges  are  fairly  fre- 
quent in  the  adrenal  glands  and  occasionally  may  reach  the 
size  of  a hen’s  egg.  They  take  jdace  as  a rule  in  the  medulla, 
or  extend  to  it,  and  split  the  gland  apart  so  that  the  cortex  re- 
mains on  the  outside.  The  large  hemorrhages  usually  follow 
tiauma  oi  thrombosis,  while  the  small  ones  are  generally  the 
result  of  infection.  Infarction  is  of  rare  occurrence. 

In  one  instance  small  foci  of  endothelial  leukocytes  filled 
with  blood  ihgment  and  surrounded  by  lyni]ihocytes  were  found 
in  the  cortex,  evitlently  as  the  result  of  previous  hemorrhages. 


Fig.  490.  Amyloid  infiltration  of  the  cortex  of  the  adrenal  gland.  M. 


Retrograde  Changes. — Amyloid  formation  is  the  most  ini]X)r- 
tant  retrograde  change  and  occurs,  as  a rule  and  often  abundantly, 
when  amyloid  is  de])osited  elsewhere  in  the  body.  It  appt'ars 
in  the  cortex  and  spreads  toward  the  cajtsule  causing  atrojthy 
and  disappearance  of  the  epithelial  cells. 

( alcification  is  rare;  it  may  take  jtlace  in  old  hemorrhages; 
in  one  instance  it  occurred  extensively  in  the  medulla  in  and  be- 
tween lU'crotic  ct'lls. 

Lesions  of  Toxic  Origin. — The  adrenal  glands  are  comitosed 
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chiefly  of  parenchyma,  tliat  is,  of  the  epithelial  cells  of  the  cortex 
ami  the  chromatfine  cells  of  the  nuHlulla.  In  s])ite  of  this  fact 


FiS-  491. — Adrenal.  Accumulation  of  endothelial  leukocytes  following  ne- 
crosis of  cortical  colls. 


Fig.  492. — Adrenal  gland  Active  regeneration  following  toxic  necrosis. 
Three  mitotic  figures  present;  also  a part  of  a fourth. 

lesions  of  toxic  origin  arc  infrequent.  Possihl}'  they  are  not  al- 
ways recognized  when  present. 

Necrosis  of  the  cortical  cells  sometimes  occurs,  especiall,y  in 
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(liphtheria,  aiul  is  usually  most  marked  in  the  zona  fascieulata 
the  lesion  resembles  very  closely  that  seen  in  central  necrosis 


leukocytes  and  gradually  dissolved.  In  one  instance  necrosis 
was  folio wetl  by  such  marked  regeneration  that  one  to  three 
mitotic  figures  could  often  be  found  in  one  oil  immersion  field 

Occasionally  following  necrosis  of  the  cells  small  cysts  are  left 
containing  serum,  fibrin  and  a few  endothelial  leukocytes. 

Extensive  necrosis  and  calcification  of  the  medulla  occurred 
m one  case  of  measles  in  a child. 

A more  common  lesion  of  toxic  origin  that  is  found  in  the 
adrenal  gland  is  focal  accumulations  of  lymphocytes,  most  often 
111  and  adjoining  the  medulla. 

Lesions  of  Infectious  Origin.— Infectious  lesions  due  to  the 
common  bacteria  occur  rarely  in  the  adrenal  glands,  either  by 
extension  from  similar  processes  in  the  neighborhood  or  emboliJ- 
all}'  through  the  circulation.  Abscesses  may  be  formed  and  heal- 
ing may  result  in  scar  formation.  In  one  instance  acute  infec- 
tious lesions  were  found  in  the  walls  of  some  of  the  smaller  arteries. 

T.  he  most  common  and  important  infectious  lesion  is  that 
due  to  the  tubercle  bcicillus.  Miliary  tubercles  are  not  rare  wlien 
present  in  other  organs.  In  chronic  tuberculosis  the  jirocess  may 
sjnead  rajiidly  and  form  large  caseous  masses,  or  very  slowly 
so  that  scar  tissue  becomes  the  most  jirominent  feature  and  the 
tuberculous  lesion  back  of  it  may  he  difficult  to  demonstrate. 

In  congenital  syphilis  sjiirochaetes  are  often  very  numerous 
in  the  adrenal  glands  although  there  may  be  little  or  no  inflam- 
matory reaction  around  them.  Gummas  are  rare.  In  acquired 
syphilis  the  adrenal  glands  are  seldom  affected. 

Tumors.-^  Primary  tumors  of  the  adrenal  glands  are  more 
common  and  important  than  those  of  metastatic  origin.  They 
are  of  two  types,  corresponding  to  the  two  different  sources 
of  origin  of  the  parenchymatous  cells  of  the  cortex  and  medulla. 
Irom  the  cortical  cells  arise  adenomas  and  carcinomas,  from 
the  medulla,  neuroldastomas.  They  will  be  found  discussed  at 
some  length  in  the  chajiter  on  tumors. 

Pathologic  Physiology.—  More  or  less  complete  destruction  of 
the  adrenal  glands  produces  the  symptom-complex  called  Addi- 
son’s disease,  namely,  anemia,  marked  loss  of  strength,  nervous 
and  inte.stinal  di.sturbances  and  lironzing  of  the  skin.  Death 
is  likely  to  be  sudden.  Some  of  the  symptoms  seem  to  be  con- 
nected with  the  action  of  adrenalin,  but  others  ma}'"  lie  dependent 
on  the  function  of  the  cortical  cells.  The  cause  of  the  bronzing 
is  not  understood;  jiossibly  the  pigment  is  derived  from  a sub- 
stance which  should  be  converted  into  adrenalin. 
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THYROID  GLAND 

Introduction. — The  pathology  of  the  tlyu’oid  gland  is  more 
interesting  and  striking  from  the  chemical,  })hysiologic  and  clinical 
points  of  view  than  it  is  anatomically.  The  organ  gives  rise  to  a 
very  important  secretion.  Diminution  or  excess  of  this  secretion 
causes  serious  symptoms  of  two  different  types  which  are  recog- 
nizetl  clinically  as  separate  diseases.  On  account  of  this  fourfold 
point  of  view,  anatomic,  chemical,  physiologic  and  clinical  from 
which  investigations  have  been  carried  on,  the  pathology  of  the 
thyroid  gland  is  complicated  by  a variegated  nomenclature. 

dhe  pathology  of  the  tlywoid  gland  will  be  presented  here 
from  the  anatomic  point  of  view,  but  lu’ief  reference  will  of 
necessitj'  have  to  be  made  to  the  other  aspects  of  the  subject, 
concerning  which  much  still  remains  to  be  cleared  up. 

Anatomy.— The  thyroid  gland  is  ductless.  It  is  composed 
of  follicles  lined  with  epithelial  cells  which  are  usually  cubical, 
but  occasionally  cylindric  and  sometimes,  especially  in  old  age' 
flattened.  The  follicles  are  generally  romid  and  separate  froin 
each  other,  but  occasionally  may  be  elongated  and  branching, 
or  communicating  with  each  other.  The  epithelial  cells  secrete 
a hyaline  material  known  as  colloid  which  distends  the  follicles 
to  some  extent,  and  is  characterized  by  the  presence  of  iodin  in 
intimate  combination  with  an  albuminate. 

The  stroma  of  the  thyroid  gland  contains  numerous  blood- 
vessels and  a moderate  amount  of  connective  tissue. 

Disturbances  of  circulation  })lay  little  part  in  the  pathology 
of  the  thyroid  gland.  Congestion  is  sometimes  a prominent 
feature.  Occasionally  more  or  less  extensive  hemorrhages  take 
place  into  the  follicles.  The  red  blood-corpuscles  attract  endo- 
thelial leukocytes  which  incoi'iJorate  them  and  gradually  trans- 
form the  hemoglobin  into  hemosiderin.  The  leukocjdes  filled 
with  pigment  may  remain  within  the  follicles  or  migrate  into 
the  stroma  and  collect  around  the  blood-vessels. 

Arteriosclerosis  of  the  blood-vessels  is  sometimes  marked  and 
l)y  diminishing  the  blood  supply  may  lead  to  atrophy  and  disap- 
pearance of  many  of  the  follicles. 

Retrograde  Changes. — Various  retrograde  changes  take  place 
not  only  in  the  thyroid  gland,  but  also  in  the  primary  epithelial 
tumors  arising  from  it. 

Fat  is  normally  present  to  some  extent  in  the  follicular  epi- 
thelium so  that  an  increase  cannot  readily  be  determined  unless 
excessive.  On  the  other  hand,  endothelial  leukocytes  filled  with 
fat  sometimes  accumulate  within  the  follicles  and  less  frequently 
in  the  stroma.  Cholesterin  crystals  may  be  formetl  from  fat  set 
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free  l>y  neerosis  of  cells  and  leukocytes  in  which  it  has  accumu- 
lated and  cause  the  formation  of  foreign  hotly  giant-cells  from  the 
endothelial  leukocytes  attracted  to  the  ])lace. 

1 he  epithelial  cells  lining  the  follicles  may  be  coin]:)ressed  and 
flattened  when  an  excess  of  colloid  is  present.  Occasionally  the 
cells  are  small,  apparently  from  atrophy,  so  that  they  seem  to  he 
mostly  nucleus. 

The  cytoj^lasm  of  the  cells  is  ordinarily  homogenous,  hut  some- 
times it  becomes  filled  with  fine,  acid-staining  granules  or  even 
hyaline  droplets  which  cause  the  cells  to  enlarge  to  two  or  three 


rig.  4J.3.  1 hyroid  ghind.  Olironic  infl;iinni!ition.  Foreign  f)ody  ginnt-cells 

around  cholostcrin  crystals.  M. 


times  their  normal  dimensions.  This  change  in  the  cells  may 
occur  diffusely  or  in  small  or  large  foci. 

The  colloid  material  varies  considerably  in  its  physical  proper- 
ties. Usually  it  is  rather  thick  and  homogeneous,  hut  at  other 
times  it  is  thin  and  watery.  Occasionally  it  contains  denser 
globules  and  masses,  llarely  some  of  the  material  suggests  a 
cr>^stalline  structure.  Fretiuently  it  collects  in  considerable  (pian- 

tities  in  the  follicles,  so  as  to  distend  them  into  cysts  of  various 
sizes. 


1 he  chemical  composition  of  the  colloid  material  some- 
times seems  to  undergo  a change  because  it  occasionally  attracts 


OTHER  ORGANS 


f)57 

leukocytes  and  lyinjihocytes  in  considerable  numbers  and  may  lead 
to  giant-cell  formation. 


Fig.  494.— Thyroid.  Numeroirs  ondothdial  leukocytes  present  in  colloid  in 

distended  follicle.  M. 


Fig.  49,5 —Thyroid  gland.  Removal  of  colloid  by  endothelial  leukocytes 
a,  Early  stage  of  proce.ss;  h,  late  stage.  M. 


The  stroma  of  the  thyroid  gland  may  undergo  swelling  and 
hyaline  transformation,  but  the  condition  is  rare. 

42 


C58 


PATHOLOGIC  HISTOLOGY 


Calcijication  may  take  jilace  in  the  stroma  ami  in  the  walls 
of  sclerosed  arteries. 

Lesions  of  Toxic  Origin. — Toxins  in  the  circulation  seem  to 
Iiroduce  little  effect  on  the  epithelium  of  the  thyroid  gland.  On 
the  othei  hand  the  colloid  material,  probably  owing’  to  some 
chemical^  change,  sometimes  attracts  endothelial  leukocytes  into 
the  lumina  of  the  follicles  in  consideralde  numbers.  They  in- 
cor])orate  and  digest  the  colloid.  The  lining  epithelium  is  often 
secondarily  destroyed.  Giant-cells  may  be  formed  by  fusion  of 
the  endothelial  leukocyte's.  Lymjdiocytes  arc  also  occasionally 


tig.  49(i.  1 hyroid  gland.  Giant-coils  forinod  aronnd  colloid.  Disappear- 

ance of  epithelium.  Increase  of  connective;  tissue.  AI. 


and  polymorphonuclear  leukocytes  rarely  attracted  in  like  manner 
into  the  follicles.  As  a result  of  the  destruction  of  the  ejiithelium 
more  or  less  extensive  areas  of  sclerosis  may  be  formed,  in  which 
many  lymjihocytes  and  sometimes  fairly  numerous  eosinoiihiles 
are  present. 

\ er}'  rarely  the  epithelium  without  any  evident  cause  for 
it  undergoes  a slow  form  of  necrosis,  tends  to  stain  dee])ly  with 
eosin  and  finally  disap):)ears  leaving  only  dense  fibrous  tissue  in  its 
place. 

Lesions  of  Infectious  Origin. — Bacterial  invasion  of  the  thy- 
roid gland  occurs  occasionally,  more  often  by  direct  extension 
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from  tlu'  neighl)oriiig  ])ai-ts  than  by  way  of  the  circulation.  The 
n'sulting  lesion  be  a diffuse  siip]Rirative  ju’ocess  or  al)scess 
formation.  In  two  instances  abscesses  were  caused  by  the  mi- 
crococcus lanceolatus  and  the  bacillus  mucosus  ca})sulatus  re- 
s])ectively. 

Miliary  tubercidosis  is  not  infrequent  when  ]:>resent  in  other 
organs,  but  chronic  tuberculosis  is  rare,  as  is  also  syphilis. 

Sclerosis.  Sclerosis  ot  the  th^’roid  gland  may  be  brought  al)out 
by  toxic  or  infectious  i^rocesses.  To  determine  at  a late  stage 
of  sclerosis  the  manner  of  its  origin  may  l)e  difficult  or  impos- 
sible. A\  e can  decide  or  guess  only  when  the  active  process  is 
still  in  ])rogress  or  when  the  study  of  early  lesions  in  other  instances 
makes  the  end  result  understandable. 

Any  marked  destruction  of  follicles  with  its  accompanying  scle- 
rosis results  in  diminishing  the  amount  of  colloid  produced  and  in 
that  V a}/  biings  about  the  ])hysiologic  effects  due  to  diminished 
secretion. 

Follicular  Distension  (Struma  Colloides).— The  follicles  of 
the  thyroid  gland  under  certain  conditions  loecome  distended 
with  colloid  secretion.  They  may  even  be  dilated  into  cysts. 
The  lining  epithelium  may  at  the  same  time  be  flattened  as  the 
result  of  pressure.  This  accumulation  of  colloid  is  usually  diffuse. 
The  result  is  more  or  less  marked  enlargement  of  the  thju’oid 
gland.  Colloid  may  collect  also  in  the  follicles  of  the  epithelial 
tumors  arising  from  the  thyroid  gland. 

Increased  accumulation  of  the  colloid  secretion  within  the 
follicles  does  not  signify  increased  supply  to  the  circulation;  in 
fact  the  reverse  is  likely  to  be  the  result. 

Follicular  Hyperplasia  (Struma  Parenchymatosa).— Under 
other  conditions  the  ejiithelium  undergoes  a vaiying  degree  of 
hypeqffasia.  Sometimes  it  is  marked.  New  glands  are  formed 
from  the  old  ones  and  i)apillary  ]:>rojections  a})})car  within  them. 
In  this  way  also  marked  enlargement  of  the  thyroid  gland  may 
be  produced.  Colloid  may  be  present  in  more  or  less  abundance 
or  be  entirely  absent,  but  its  absence  does  not  mean  diminished 
supply  to  the  circulation.  On  the  contraiy  it  is  often  associated 
with  an  increase  which  causes  certain  physiologic  disturbances. 

Adenoma  (Struma  Nodosa).— Adenomas  of  the  thyroid  gland 
may  occur  singly  or  in  multiple  form.  Occasionally  they  are 
quite  numerous.  They  may  be  small  or  on  occasion  attain  the 
size  of  a man’s  head.  They  are  definitely  encapsulated  and 
the  adjoining  tissue  often  shows  evidence  of  j)ressure.  The 
thyroid  gland  tissue  itself  may  be  normal,  distended  with  col- 
loid or  hyperplastic. 

Thyroid  adenomas  are  rare  in  children,  but  develop  in  number 
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and  size  with  increasing  age.  The  adenomas  themselves  may 
resemble  normal  thyroid  tissue,  or  be  composed  of  follicles  dis- 
tended with  colloid,  or  of  the  so-called  hyperplastic  type,  contain- 
ing little  or  no  secretion.  Various  combinations  of  these  types 
also  occur. 

Retrograde  changes  are  common  in  the  adenomas,  esiiecially 
sclerosis  and  calcification  which  begin  in  the  center  where  nutri- 
tion is  poorest  and  spread  peripherally. 

Carcinoma. — The  most  iniiiortant  tumor  of  the  thyroid  gland 
is  the  carcinoma.  It  may  resemble  normal  thyroid  tissue  so  per- 


Fig.  497 . — Thyroid  ghind.  (llandular  hyperplasia  from  a case  of  exoi)hthalmic 

goiter.  M. 


fectly  as  to  be  distinguished  from  it  with  difliculty,  and  yet  give 
rise  to  multiple  metastases  of  similarly  normal  apjiearance  in 
various  organs.  Or  it  may  grow  in  solid  masses  or  in  jiapillary 
form  within  cysts  with  little  or  no  colloid  secretion,  so  that  its 
tumor  character  is  readily  recognized,  ('onsiderable  variation 
in  the  type  of  growth  is  not  infreciuent;  the  cells  may  be  in  gland- 
fonn  in  some  parts  of  the  tumor  and  in  solid  masses  in  other  jiarts; 
or  the  cells  may  in  ])laces  be  compressed  so  as  to  appear  spindle- 
shapi'd  and  suggestive  of  some  form  of  mesenchymal  growth. 
C arcinoma  frecpiently  complicates  the  two  tyjies  of  goiter  already 
described. 
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Tumors  of  mesenchymal  origin  are  rare. 

Hypertrophy,  Goiter.  It  is  evident  from  the  })reee(ling  dis- 
cussion that  enlargement  of  the  thyroid  gland  may  arise  from  at 
least  four  different  types  of  lesions:  colloid  distension  of  follicles, 
hyper])lasia  of  follicles,  atlenoma,  careinoma.  To  say  definitely 
before  a microscopic  examination  has  been  made  which  lesion 
is  jiresent  is  not  always  possible.  Oji  this  account  the  vague 
term  hypertroi)hy  is  useful  provided  one  clearly  n'cognizes 
that  it  discloses  lack  of  exact  knowledge.  The  tendency  in 
the  clinical  use  of  the  term  is  to  restrict  it  to  enlargement  due 
to  two  causes,  namely,  to  colloid  distension  and  to  h}q)er])lasia 
of  the  follicles. 

Diagnosis. — In  making  a diagnosis  of  a lesion  joresent  in  a 
thyroid  gland  it  is  important  to  have  an  accurate  knowledge  of 
the  clinical  history  of  the  patient  and  a description  of  the  gross 
appearance  of  the  organ,  because  a small  mass  of  tissue  removed 
at  o])eration  will  usually  not  of  itself  tell  the  whole  story.  It  may 
l<K)k  like  normal  thyroid  tissue  and  yet  prove  to  be  an  adenoma 
or  a cancer.  The  ideal  would  be  to  have  the  whole  thyroid  gland 
for  examination.  Tliis  is  possible  only  Avith  autopsy  material. 

ith  surgical  material  Ave  haA'e  to  do  the  best  Ave  can  Avith  the  tis- 
sue receiA'ed  and  the  histoiy  and  clinical  description  aA'ailable. 

Physiologic  Pathology. — Diminution  in  the  amount  of  colloid 
secretion  furnished  to  the  circidation,  such  as  folloAvs  from  de- 
struction of  the  follicular  epithelium  Avith  the  resulting  sclerosis 
of  the  organ  (spontaneous  athyreosis),  causes  the  symptom-com- 
plex knoAvn  as  myxedema.  It  is  procluced  operatiA^ly  if  the  en- 
tire thyroid  gland  is  removed  for  goiter  as  has  frequently  occurred 
in  the  past  (cachexia  strumipriva).  It  occurs  in  animals  if  the 
thyroid  gland  is  removed  ex]Aerimentally  (cachexia  thyreopriva). 
If  the  animals  are  young  marked  general  disturbances  of  the 
groAvth  of  the  hair,  persistence  of  the  thymus,  and  hypertrophy  of 
the  hypophysis  result;  in  adult  animals  the  chief  symptoms 
are  loss  of  appetite  and  emaciation  terminating  in  death. 

Cretinismus,  Avhich  is  endemic  in  certain  jiarts  of  the  AA'orld, 
but  also  occurs  elscAvhere  sporadically^  is  regularly  combined 
Avith  disease  of  the  thyroid  gland,  usually  colloid  goiter  but  some- 
times atrophy.  The  symptoms  present  are  probably  the  result 
of  diminished  colloid  secretion  in  the  circulation  in  early  life, 
causing  disturbances  of  metabolism  and  hence  of  dcATlopment. 

Increase  in  the  amount  of  colloid  secretion  in  the  circulation 
causes  a different  set  of  symptoms  Avhich  can  be  produced  exjxwi- 
mentally  in  animals  by  the  administration  of  thyroid  extract, 
anfl  haA’e  been  produced  in  the  same  Avay  accidentally  in  man. 
The  symptoms  are  loAvcring  of  the  blood  pressure  often  combined 
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witli  increased  rapidity  of  tlie  licart’s  action,  and  disturbances 
of  proteul,  fat  and  lime  metabolism. 

A syiuptoin-complex  knomi  as  exophthalmic  goiter  (Basedow’s 
disease)  and  characterized  by  three  ]ironiinciit  symptoms,  nanielv 
goiter,  exophtlialmos  and  tachycardia,  seems  to  be  due  iinques- 
tionably  to  increase  of  colloid  material  in  the  circulation  The 
enhu-ged  thyroid  is  usually  of  the  type  called  parenchymatous 
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Abnormalities  of  kidney,  5S4 
Abscess  in  tuberculosis,  197 
in  typhoid  fever,  ITS 
of  appendix,  487 
of  boiu'-marrow,  (>09 
of  kidney,  573,  575 
of  liver,  508 
of  lung,  470 
of  spleen,  010 
Acquired  syphilis,  214 
Actinomyces,  209 
Actinomycosis,  209 
of  liver,  512 

Acute  anterior  poliomyelitis,  031 
miliary  tuberculosis,  199 
yellow  atrophy  of  liver,  501 
Adamantinoma,  385 
Adamantoblastoma,  384 
Adamantoblasts,  384 
Addison’s  disease,  054 
Adenocarcinoma  3(>4 
Adenocystoma  of  coil  gland,  375 
of  ovary,  394,  002 
of  sebaceous  gland,  374 
Adenoma,  358,  359 
cells  of,  302 
malignant,  300,  304 
of  adrenal  gland,  397 
of  breast,  377 
of  coil  gland,  374 
of  hypophysis,  400 
of  intestine,  388 
of  kidney,  392 
of  liver,  389 

of  mammary  gland,  003 
of  ovary,  394 
of  pancreas,  391 
of  prostate,  393 
of  stomach,  387 
of  thyroid  gland,  398,  059 
of  uterus,  393 
Adenomyoma,  uterine,  000 
Adipositas,  89 
cordis,  411 

Adrenal  carcinoma,  585 
gland,  adenoma  of,  397 
anatomy,  051 
carcinoma  of,  397 
hemorrhages  in,  052 
infections  of,  054 
lesions  of,  051 


Adrenal  gland,  physiology,  051 
syphilis  of,  054 
toxic  lesions,  052 
tuberculosis  of,  054 
Adrenalin,  051 

Agar-agar,  experimental  injection  of, 
30 

All)uminous  degeneration,  88 
granules,  80 
in  kidney,  532 
in  liver,  490 
in  myocardium,  422 
Alcoholic  cirrhosis  of  liver,  504,  514 
experimental  production  of,  507 
Ah'eolar  emphysema,  400 
Amebiasis  of  liver,  515 
Amebic  dysentery,  238 
Amputation  neuroma,  07 
Amyloid,  102 
effect  of,  107 
formation,  105 
in  syphilis,  229 
gross  appearance  of,  107 
in  adrenal  glands,  052 
in  bladder,  585 
in  kidney,  537 
in  liver,  492 
in  spleen,  012 
in  stomach,  480 
occurrence  of,  105 
origin  of,  103 
properties  of,  102 
Anemia  of  brain,  028 
of  mj’ocardium,  428 
Angioma,  309,  310 
Angiosarcoma,  peril  helial,  272 
Anthrax  bacillus,  150 
meningitis,  150 

Aorta,  diseases  of,  439.  See  also 
Blood-vessels 
necrosis  of,  442 
rejiair  of,  440,  447 
rujituri'  of,  451 
sclerosis  of,  440 
syphilis  of,  227,  402 
tuberculosis  of,  401 
A]ipendicitis,  480 

Appendix,  ejMlhelial  tumors  of,  388 
Argyria,  119 
of  liver,  493 

Arteries.  See  Blood-vessels 
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Ai’teries,  tuhorfulosis  of,  4(50 
Artonosclerossi-s,  440-444,  4(52 
chronic,  444 
of  kidiioy,  o(54 
Artery,  rupture  of,  451 
Ascites,  04 
Atelectasis,  4(57 

Atheromatous  erosions  of  aorta,  447, 
440 

Atherosclerosis,  403 
Athyreosis,  001 

Atrophic  cirrhosis  of  liver,  definition 
of,  513 
Atrophy,  82 
of  bone,  043 
of  fat-cells,  84 
of  liver,  480 

acute  yellow,  501 
of  myocardium,  427 
physiologic.  83 
pressure,  83 

Autogenous  pigments,  112 
Autonomy  in  tumors,  252 

Bacillus  aerogenes  capsulatus,  101 
anthracis,  151 
bronchisepticus,  183 
coli  communis,  170 
diphtheriie,  14(5 
Friedlander’s,  156 
glanders,  158 
lepne,  2(J3 
mallei,  158 

mucosus  capsulatus,  156 
of  rhinoscleroma,  157 
jiertussis,  182 
tuberculosis,  184 
tyj)hosus,  162 
Balantidium  coli,  239 
Banti’s  disease,  (514 
Barrel-shaped  thorax,  467 
Basedow’s  disease,  (562 
Bile  as  foreign  body,  54 
in  circulation,  117 
pigments,  117 
in  liver,  403 
stasis,  1 17,  405 
Bile-ducts,  carcinoma  of,  300 
tuberculosis,  200 
Bilirubin,  117 
Bladder,  amyloid  in,  585 
carc-inoma  of,  303 
dilatation  of,  585 
diverticula  of,  585 
hypertrophy  of,  585 
infections  of,  586 
lesions  of,  585 
papilloma  of,  302,  587 
toxic  lesirjns,  585 
tubercuh)sis  of,  587 
tumors  of,  587 


I Blastomyces,  230 
Blastomycosis,  230 
Blisters,  04 

I Blood,  constituents  of,  21 
pigment,  113 
in  li\-er,  403,  407 
in  prostate,  503 
in  spleen,  613 
in  vessel  walls,  445 
plasma,  24 
platelets,  21 

Blood-corpuscles,  red,  21 
as  foreign  bodies,  55 
diapedesis  of,  40 
regeneration  of,  65 
white,  23 

' Blood-making  organs,  lesions  of,  606 
I Blood-vessels,  anatomy  of,  439 
blood  pigment  in,  445 
calcification  of,  445 
diseases  of,  438 
inflammatory  reaction,  445 
fat  in,  441 
glanders  of,  460 
hyalin  in,  110,  443 
infectious  lesions  of,  453 
injury  of,  440 
leprosy  of,  461 
lime  salts  in,  445 
mechanical  injury  of,  451 
necrosis  of,  441 

nutritional  disturbance  of,  451 
of  kidney,  infections  of,  579 
organization  of  fibrin  in,  58 
repair  of,  447 
syphilis  of,  225,  462 
toxic  lesions  of,  452 
tuberculosis  of,  4()0 
! Boils,  129 

Bone,  actinomycosis  of,  213 
anatomy  of,  641 

as  foreign  body,  remo\-al  of,  54 
atro])hy  of,  643 

disturbance  of  metabolism,  643 
fracture  of,  647 
infectious  lesions  of.  648 
injury  of,  647 
lacunar  absorption  of,  643 
lesions  of,  641 
necrosis  of,  77,  648 
regeneration  of,  64 
repair  of,  75 
syphilis  of,  228,  649 
toxic  lesions  of,  (>48 
tuberculosis  of,  648 
tumors  of,  650 
Bone-cell  tumor,  295 
BcuKvmarrow,  anatomy  of,  606 
in  typhoid  fever,  177 
infections  of,  608 
lesions  of,  ()()6 
regeneration  of,  608 
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Bone-marrow,  toxic  lesions  of,  60S 
tumors  of,  610 
Brain,  anatomy  of,  625 
anemia  of,  62S 
calciftcation  in,  62S 
congestion  of,  628 
fat  in,  627 

hemorrhage,  628,  630 
hyalin  in,  628 
infarction  of,  629 
infections  of,  631 
lesions  of,  624 
necrosis  in,  627 
pressure  on,  630 
sand,  400 
sclerosis  of,  635 
syphilis  of,  228,  634 
toxic  lesions  of,  630 
trauma  of,  629 
trichiniasis  of,  635 
tuberculosis  of,  633 
tumors  of,  638 
Breast,  adenoma  of,  377 
carcinoma  of,  379 
epithelial  tumors  of,  375 
mixed  tumors  of,  407 
papilloma  of,  379 
Bronchiectasis,  477 
Bronchopneumonia  and  the  strejito- 
coccus,  135 

in  whooping-cough,  183 
Buboes,  146 


Cachexia  strumipriva,  661 
thyreopriva,  661 
C'aisson  disease,  630 
Calcification,  120 
in  tuberculosis,  196 
of  adrenal  glands,  652 
of  blood-vessels,  445 
of  central  nervous  system,  628 
of  endocardium,  416 
of  myocardium,  427 
of  thyroid,  658 
Calor,  35 

Cancer.  See  Carcinoma 
Capillary  hemangioma,  310 
C'apsular  glomeruloneiihritis,  549 
Carbon  in  body,  118 
in  liver,  493,  497,  513 
in  lymph-nodes,  622 
in  spleen,  614 
Carbuncle,  129 
anthrax,  153 

Carcinoma,  358,  359,  363 
adrenal,  585 
colloid,  368 
epidermoid,  .364,  369 
of  adrenal  gland,  397 
of  bilf'-ducts,  390 
of  bladder,  393 


’ (Aircinoma  of  breast,  379 
of  ei)iphy.sis,  400 
of  esoiihagus,  387,  481 
of  gall-bladder,  391,  519 
of  hair-matrix,  371 
of  hypophj’sis,  400 
of  intestine,  388,  487 
of  kidney,  392 
of  liver,  390 
of  lung,  392,  477 
of  lymph-nodes,  623 
of  mammary  gland,  604 
; of  nipiile,  383 

j of  ovary,  395,  602 

of  pancrea.s,  391,  529 
of  penis,  589 
; of  prostate,  393,  596 
of  rectum,  388 
i of  stomach,  387,  484 
I of  thyroid,  398,  (itiO 

I of  uterus,  393,  599 

of  vocal  cords,  392 
papillary,  360,  364 
simplex,  364 

Cardiac  lesions,  phvsiologic  effects  of, 
438  _ ^ 

Cardinal  signs  of  inflammation,  34 
Cartilage,  repair  of,  78 
Cartilage-cell  tumor,  291 
Cartilage-cells,  regeneration  of,  64 
Caseation,  97 
in  syphilis,  98 
in  tuberculosis,  97,  195 
Catarrhal  inflammation,  48 
Caustic  potash,  experimental  use,  29 
Cavernoma,  314 
Cavernous  hemangioma,  314 
C'avities  in  lung,  477 
Cells,  blood,  21 
connective-tissue.  25 
endothelial,  26 
hydrops  of,  94 
postmortem  changes  in,  SO 
regeneration  of,  60 
tumor,  differentiation  of,  271 
Centers  of  o.ssification,  642 
Central  necrosis  of  liver,  498 

nervous  sy.stem,  calcification  in,  628 
fat  in,  627 
le.sions  of,  624 
necrosis  of,  627 
sclerosis  of,  635 
syphilis  of.  228,  634 
toxic  lesions  of,  ()30 
trauma  of,  629 
tumors  of,  638 

Cerebrospinal  meningitis,  138 
Cerebrum.  See  Brain 
Cervix  uteri,  cancer  of,  .599 
lesions  of,  598 
C’hancre,  221,  589 
Chloroform  necrosis  of  liver,  504 
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Chlorotorni,  use  in  experimental  ne- 
crosis, 29 

(’hloroma,  334,  33S,  (ilO 
('holesterin  in  tissues,  93 
C'hom  Iroblast oma,  29 1 
Chondroblasts,  04 
('hondroma,  291 
Chondromucin,  291 
Chondrosarcoma,  291 
Chordoblastoma,  400 
Chordoma,  400 
Chorionepithelioma,  405,  004 
Chromatin  in  cell  necrosis,  90 
Chromatophores,  340 
Chronic  tuberculosis,  192 
Circulation,  injurious  agents  within, 
reaction  to,  49 
normal,  20 

Circulatory  phenomena  in  acute  in- 
flammation, 35 
Cirrhosis  of  liver,  512 
alcoholic,  504,  514 
atrophic,  definition  of,  513 
hypertrophic,  definition  of,  513 
infectious,  508 
monolobar,  514 
multilobar,  514 
syphilitic,  511 
toxic,  504 

4'lassification  of  tumors,  274 
Cloudy  swelling,  88 
Coagulation  necrosis,  97 
Coil  gland,  epithelial  tumors  of,  374 
C’olitis,  485,  486 
(’ollagen  fibrils,  26 
C’ollicpiation,  98 
C’olloid,  107 
carcinoma,  368 
in  kidney,  .533 
in  thyroid,  6.56 
4’olon  bacillus,  179 
Concretions  in  pancreas,  .521 
Congenital  .syphilis,  215 
Conge.stion  of  brain,  628 

of  gastro-intestinal  tract,  480 

of  heart,  428 

of  liver,  493 

of  lungs,  463 

of  spleen,  (514 

of  thyroid,  655 

of  uterus,  .597 

Conglomerate  tubercle,  193 
(mnnective-tissiie  cells,  25 
regeneration  of,  (54 
tumors,  27(5 

Constituents  of  normal  ti.ssues,  24 
Cord.  See  Sfdnal  Cord 
Cornification,  pathohjgic,  125 
CV)rpora  amylacea  in  prostate,  .593 
Corrosive  sublimate,  effect  on  in- 
testine, 485 

effect  on  kitlney,  541,  541 


C orrosi\'e  sublimate,  effect  on  stom- 
ach, 482 
Cretinism,  661 

(4-oton  oil,  experimental  use  of,  29 
Ch-oupous  inflammation,  43 
Cysts,  dermoid,  257 

follicular,  of  enamel  organ,  385 
of  Nabothian  glands,  598 
of  ovary,  601 
simple,  257 


Degener.xtion,  albuminous,  88 
fatty,  90 
Zenker’s,  1 1 1 
Dendrons,  625 
Dermoid  cyst,  257,  602 
Diabetes,  relation  of  pancreas  to,  530 
Diap(Hle.sis  of  red  corpuscles,  40 
Differentiation  of  normal  cells  in 
tumor  diagnosis,  269 
of  tumor  cells,  271 
Digestion,  organs  of,  lesions  of,  479 
Dilatation  of  Idadder,  585 
Diphtheria,  14(5 
bacillus,  14(5 
of  stomach,  482 
Diphtheritic  inflammation,  4.5 
Dijditheroid  inflammation,  44 
Diplococcus  gonorrha'a),  143 
lanceolatus,  13(5 

Disi)hu!ed  fetal  cells  as  cause  of 
tumors,  2.5.5 

Diverticula  of  bladder,  585 
Dolor,  35 
Dropsy,  94 
Dura,  lesions  of,  639 
Dural  endothelioblastoma,  321 
endothelioma,  321 
endothelium,  le.sions  of,  (540 
Dysentery,  amebic,  236 


Eclamp.sia,  liver  in,  .516 
Edema,  94,  95 

of  heart  muscle,  423 
of  kidney,  533 
of  liver,  495 
of  lungs,  4(5.5 
of  pi  a,  (538 
Elastic  fibrils,  26 
Emboli,  organization  of,  .58 
hhnbryo  of  test  icle,  410 
Ihnbryoma  of  testicle.  592 
hhnigration  of  leukocytes,  3(5 
hhnpliysema,  alveolar,  4(56 
interstitial,  4(5(5 
iMuphysematous  gangrene,  99 
Enamel  organ,  epithelial  tumors  of, 
384 

Endocarditis,  415 

due  to  treponema  pallidum,  421 


INDEX 


007 


Endocarditi.s,  infectious,  410 
streptoeoeeiis,  130 
syphilitic,  421 
toxic,  415 
Endocardium,  415 

effects  of  lesions  on,  438 
repair  of,  420 

Endothelial  cell  tumor,  309 
cells,  2() 

of  blood-vessels,  reaction  to  in- 
jury, 50 

refreneration  of,  04 
leukocytes,  23 
fat  in,  92 

in  inflammation,  37 
in  reaction  to  mild  injurious 
af?ents,  49 

Endothelioblastoma,  309 
Endothelioma,  dural,  321 
Endothelium,  tlural,  lesions  of,  040 
Entamoeba  histolytica,  230 
in  liver,  515 
Enteritis,  485 
Eosinophiles,  24 
in  inflammation,  39 
in  reaction  to  mild  injurious  agents, 
49 

Epidemic  cerebrospinal  meningitis, 
138 

Epidermoid  carcinoma,  304,  309 
Epididvmis,  gonococcus  infection  of, 
590 

tuberculosis  of,  591 
Epididymitis,  590 
gonorrheal,  140 

Epiphysis,  epithelial  tumors  of,  400 
Epithelial  cell  tumor,  358 
pearls,  3(55 

tumors  of  adrenal,  390 
of  blatlder,  392 
of  esophagus,  387 
of  gall-bladder,  391 
of  gastro-intestinal  tract,  387 
of  genito-urinary  tract,  392 
of  intestine,  388 
of  kidnev,  392 
of  liver,  389 
of  ovary,  394 
of  pancreas,  391 
of  prostate,  393 
of  respiratory  tract,  391 
of  skin,  3(59 
of  stomach,  387 
of  thyroid  glanil,  397 
of  uterus,  393 
Epit  heliobla-stoma,  358 
Epithelium,  regeneration  of,  02 
Erosions  in  aorta,  448 
of  cervix,  598 
Erysip(4as,  133 

Erythrobhxsioma  of  spleen,  020 
Erythroblasts,  05 


Erythrocytes,  21 
as  foreign  bodies,  55 
diapedesis  of,  40 
regeneration  of,  05 
Esophagus,  carcinoma  of,  387,  481 
epithelial  tumors  of,  387 
Exogenous  pigments,  1 18 
Exophthalmic  goiter,  0(52 
hlxjiansion,  tumor-growth  b,y,  259 
Exudation,  acute  inflammatory,  va- 
rieties of,  41 
hemorrhagic,  47 
in  lobar  pneumonia,  471 
of  lymph  in  inflammation,  40 
pleural,  477 

organization  of  fibrin  in,  50 
pneumonic,  organization  of  fibrin 
in,  57 

purulent,  40 
serous,  42 


Fallopian  tube.  See  Oviduct 
Fat,  88 

as  a foreign  body,  54 
characteristics  of,  89 
composition  of,  89 
deposit,  increase  of,  89 
embolism  of  lung,  405 
in  blood-vessel  walls,  440 
in  brain,  027 

in  endothelial  leukocytes,  92 

in  kidney,  535 

in  liver,  490 

in  myocardium,  423 

in  nerve-cells,  (527 

in  pancreas,  520 

in  spleen.  Oil 

in  thyroid  gland,  055 

in  tissues,  gross  appearance  of,  93 

labile,  89 

necrosis,  98 

of  pancreas,  524 
normal  distiibution  of,  89 
stabile,  89 
Fat-cell  tumor,  301 
Fat-cells,  atrophy  of,  84 
in  heart,  411 
Fatty  degeneration,  90 
infiltration  of  liver,  491 
Female  genitals,  lesions  of,  .597 
Fetal  displacements  as  cause  of 
tumors,  255 

inclusions  as  cause  of  tumors,  250 
forming  mixed  tumors,  410 
rests  as  cause  of  tumors,  255 
Fetus  in  fetu,  409 
Fibrin  as  a foreign  body,  .5(5 

formation  in  acute  inflammation, 
40 

in  tissues,  108 
organization  of,  .50 
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Fibrin,  organization  of,  in  blootl-ves- 
sols,  5S 

in  pleural  exudation,  56 
in  pneinnonie  exudation,  57 
I'dbrinous  exudation,  42 
Fibroblastonia,  277 
giant-cells  in,  280 
histologic  structure,  278 
rate  of  growth,  278 
stroma  of,  280 
type-cell,  277 
Fibroblasts,  25 
in  tumor  formation,  276 
regeneration  of,  64 
Fibroglia  fibrils,  26 
Fibroma,  277,  282 
of  ovary,  602 
Fibrosarcoma,  277,  286 
Fluid  in  tissues,  94 
Focal  necrosis  of  liver,  518 
Foreign  bodies,  bile  as,  54 
bone,  54 
fat,  54 
fibrin,  56 
giant-cells,  52 
lime  salts,  59 
red  blood-corpuscles,  55 
removal  of,  51 
Fractures,  647 
compound,  repair  of,  77 
simple,  repair  of,  7(5 
Friedliinder’s  bacillus,  156 
Furuncle,  129 


Gall-h LADDER,  carciiioma  of,  391 
colon  bacillus  infection,  181 
epithelial  tumors  of,  391 
in  typhoid  fever,  178 
lesions  of,  519 
Gangrene,  98 
emphysematous,  99 
of  lung,  476 

( langrenous  appcaidix,  487 
( las  bacillus,  161 
( lastric  ulcer,  483 
( lastritis,  acute,  482 
fdastro-intcstinal  tract,  anthrax  of, 
155 

epithelial  tumors  of,  387 
lesions  of,  479 
post-mortem  changes,  479 
riastromalacia,  479 
(^laucher’s  type  of  splenomegaly,  616 
Genitals,  female,  lesions  of,  597 
male,  lesions  of,  589 
Gen ito-uri nary  tract,  epithelial  tu- 
mors of,  392 
tliant-cell  sarcoma,  273 
Giant-cc'lls,  foreign  body,  52 
in  fibroblastorna,  280 
in  tuberculosis,  187 


Glanders,  158 
^ of  blood-vessels,  460 
Gliobhistoma,  348 
Glioma,  348 

Glomerulonephritis,  capsular,  549 
intracapillary,  557 
Glycogen,  !)9 
in  liver,  491 

Glycosuria,  pancreas  and,  530 
Goiter,  661 
exophthalmic,  662 
Gono(;occus,  143 
infection  of  epididymis,  590 
of  oviduct,  600 
of  prostate,  595 
of  uterus,  598 
special  pathology,  146 
toxin  of,  144 
Gonori'hea,  143 
urethra  in,  588 

Gout,  uric  acid  deposit  in,  124 
Granulation  tissue,  72 
healing  by,  71 
Granules,  albuminous,  86 
Gramdoma  coccidioides,  234 
Grawitz’s  tumor,  585 
Gumma,  ceiebral,  634 


Hair-matrix,  epithelial  tumors  of, 
371 

Hairy  tongue,  125 
Halisteresis,  643 
Hard  chancre,  221 
Healing  by  first  intention,  70 
by  granulation  tissue,  71 
of  wounds.  70 
primary,  70 
secondary,  71 
Heart,  atrojihy  of,  427 
disturbances  of  circulation  in,  428 
fatty,  411 
hydrops  of,  423 
mus(;lc.  See  M yocnrdium 
rhabdomyoma  of,  343 
sclerosis  of,  437 
t uberculosis  of,  43(5 
tumors  of,  437 

Hemangio-endothelioblastoma,  310 
I lemangio-endot  helioma,  310 
Hemangioma,  310 
capillary.  310 
cavernous,  314 
llematoidin,  113 
in  spleen,  613 
in  tissues,  55 
Hemochromatosis.  1 15 
of  liver,  497 

Hemoglobin  as  foreign  body,  55 
infarct,  113 
Hemoglobinemia,  1 13 
Hemoglobinogenous  pigments,  113 
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Hemoplohimiria,  113 
Heinorrhago,  (‘orol>ral,  ()2S 
in  adronal  glands,  do’i 
in  brain,  630 

in  infectious  lesions  of  blood-ves- 
sels, 456 
into  brain,  62<S 
of  liver,  494 
of  pancreas,  521 
of  stomach,  481 
uterine,  598 

Hemorrhagic  exudation,  47 
Hemosiderin,  113 
in  liver,  493,  497 
in  tissues,  55 
in  vessel  walls,  445 
Hoilgkin’s  disease,  333,  619 
Hot  water,  experimental  use  of,  29 
Hyalin,  108 

in  blood-vessels,  110,  443 
in  central  nervous  system,  628 
in  liver,  108,  491 
in  muscle-cells.  111 
in  pancreas,  521 
in  plasma  cells,  109 
in  prostate,  593 
in  spleen,  612 
in  stomach,  480 
Hyaline  connective  tissue.  111 
substances,  99 
Hydatidiform  mole,  604 

and  chorionepithelioma,  406 
Hydrops,  94 
of  cell,  94 

of  heart  muscle,  423 
of  kidney,  533 
of  liver,  490 
Hypernephroma,  585 
Hypertrophic  cirrhosis  of  liver,  defi- 
nition of,  513 

Hypertrophy  of  bladder  walls,  585 
of  prostate,  595 
of  spleen,  619 
of  thyroifl  gland,  661 
of  uterine  mucosa,  598 
Hypophysis,  adenoma  of,  400 
carcinoma  of,  400 


Infarction  of  brain,  629 
of  liver,  495 
in  lung,  465 

tuberculous,  of  kidney,  581 
Infarcts,  hemoglobin,  113 
in  myocardium,  429 
of  placenta,  (>04 
of  spleen,  614 
uric  acid,  124 

Infections  of  adrenal  glands,  654 
of  bladder,  586 
of  bone,  648 
of  boiK'-marrow,  (508 


Infections  of  brain,  631 
of  intestine,  485 
of  kidney,  572 
of  liver,  508 
of  lymph-nodes,  622 
of  mammary  gland,  603 
of  ovary,  601 
of  oviduct,  600 
of  pancreas,  528 
of  peritoneal  cavity,  488 
of  prostate,  594 
of  spleen,  615 
of  testicle,  590 
of  thyroid  gland,  658 
of  uterus,  598 

Infectious  agents,  reaction  to,  33 
endocarditis,  416 
lesions  of  blood-vessels,  453 
of  lung,  467 
of  stomach,  482 
myocarilitis,  432 
nephritis,  573,  575 
Infiltration,  tumor  growth  by,  259 
Inflammation,  17 
catarrhal,  48 

circulatory  phenomena  in,  35 
croupous,  43 
definition  of,  17 
diphtheritic,  45 
diphtheroid,  44 

experimental  production  of,  28 
exudation  of  lymph  in,  40 
fibrin  in,  40 

four  cardinal  signs  of,  34 
injurious  agents,  27 
of  gall-bladder,  519 
pseudo-diphtheritic,  44 
reaction  in,  32 

to  injurious  agents  within  the 
system,  49 

to  mild  injurious  agents,  48 
the  injury  produced,  31 
tissues  used  in  study  of,  30 
tuberculous,  191 

Inflammatorv  exudation,  varieties  of, 
41 

Injurious  agents,  27 

mild  reaction  to,  48 
nature  of  action,  28 
used  experimentally,  28 
within  the  circulation,  reaction 
to,  49 
Injury,  31 
reaction  to,  32 
Interstitial  cmph3\sema,  466 
Intestine,  adenoma  of,  388 
actinomycosis  of,  213 
ameliic  dj^sentery,  238 
carcinoma  of,  388,  487 
epithelial  tumors  of,  388 
infections  of,  485 
lesions  of,  485 
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Intestine,  pigmentation  in,  480 
toxic  lesions  of,  485 
tumors  of,  487 
typhoid  lesions  in,  1(58 
Intracapillary  glomerulonephritis,  557 
Involucrum,  131 
Irritants,  27 


Jaundice,  515 


Karyolysis,  96 
Karyorrhexis,  96 
Keloid,  286 
recurrence  of,  2(56 
Kidney,  abnormalities  of,  584 
abscess  of,  573,  575 
adenoma  of,  392 
albuminous  granides,  532 
amyloid  in,  537 
carcinoma  of,  392 
cells,  regeneration  of,  63 
colloid  in,  533 
edema  of,  533 
fat  in,  535 
liydrops  of,  533 
infections  of,  572 
lesions  of,  531 
mixed  tumors  of,  408 
nephritis,  tubular,  542 
vascular,  564 
retrograde  changes,  532 
sclerosis  of,  584 
syphilis  of,  583 
tuberculosis  of,  580 
tuberculous  infarction  of,  581 
tumors  of,  585 


Lacunar  absorption  of  bone,  643 
Larynx,  papilloma  of,  391 
Leafl  in  tissues,  119 
Leiornyoblastoma,  305 
Leiomyoma,  305 
of  stomach,  485 
of  uterus,  599 
Leprosy,  2()3 
of  blood-vessels,  461 
Leukemia,  lymphatic,  326 
myelogenous,  33(5 
Leukocytes,  23 

endothelial,  in  inflammation,  37 
migration  of,  3(5 

polymorphonuclear,  in  inflamma- 
tion, 37 

regeneration  of,  65 
Lime  salts  as  foreign  bodies,  59 
in  blood-vessels,  445 
in  tissues,  119 
organization  of,  59 
Idpoblastoma,  301 


Lipochrome,  1 12 
Lipoma,  301 
Lipomatosis,  89 
of  jiancreas,  520 
Lhiuefaction  necrosis,  98 
Liver,  abscess  of,  508 
actinomycosis  of,  213,  512 
acute  yellow  atrophy  of,  501 
adenoma  of,  389 
albuminous  granules  in,  490 
ameba  in,  239 
atrophy  of,  489 
bile  stasis  in,  496 
carbon  in,  497,  513 
carcinoma  of,  k)() 
cells,  regeneration  of,  62 
circulatory  tlisturbanccs,  493 
cirrhosis  of,  512 
idcoholic,  504,  514 
infectious,  508 
monolobular,  514 
syphilitic,  511 
toxic,  504 

colon  bacillus  infection,  181 
congestion  of,  493 
edema  of,  495 
entameba  in,  515 
epithelial  tumors  of,  389 
fat  in,  490 
fluid  in,  95 
glycogen  in,  491 
hemochromatosis  of,  497 
hemorrhage  of,  494 
hemosiderin  in,  493 
hyalin  in,  108,  491 
hydrops  of,  490 
in  eclampsia,  516 
in  typhoitl  fever,  173 
infarction,  495 
infectious  lesions  of,  508 
lesions  of,  488 
malarial  infection,  512 
miliary  tubercle  of,  189 
necrosis  of,  491 
central,  498 
hemorrhagic,  501 
pigmentation  of,  492,  497,  513 
postmortem  changes  in,  48!) 
regeneration  of,  493 
sclerosis  of,  512 
syphilis  of,  227,  511 
toxic  lesions  of,  498 
tuberculosis  of,  199,  510 
Lobar  pneumonia,  467,  471 

and  pneumococcus,  136,  138 
bacillus  mucosus  capsulatus 
156 

Lobular  pneumonia,  467 
and  meningococcus,  143 
Lung,  abscess  of,  476 
actinomycosis  of,  213 
anthrax  of,  155 
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Lung,  carcinoma  of,  392,  477 
cavities  in,  477 
circulatory  disturbances,  404 
congestion  of,  404 
diphtheria  of,  loO 
edema  of,  405 
gangrene  of,  470 
glanders  in,  101 
in  typhoid  fever,  177 
infarction  of,  405 
infectious  lesions  of,  407 
mechanical  lesions  of,  400 
mixed  tumors  of,  40S 
tuberculosis  of,  201 
Lutein,  112 
Lymph,  exudation  of,  in  inflamma- 
tion, 40 
normal,  27 
spaces,  27 

Lymphangio-enflothelioblastoma,  319 
Lymphangio-endothelioma,  3 19 
Lymphangioma,  319 
Lj'inphatic  leukemia,  320 
Lymphatics  in  tuberculosis,  191 
Lymph-nodes,  carbon  in,  022 
cells  of,  020 
function  of,  021 
infections  of,  022 
lesions  of,  020 
toxic  lesions,  022 
tuberculosis  of,  201 
tumors  of,  023 
Lymphoblast  tumor,  320 
Lymphoblastoma,  320 
of  lymph-nodes,  023 
of  spleen,  017 
Lymphoblasts,  620 
Lymphocyte  tumor,  320 
Jvymphocytes,  23,  020 
in  inflammation,  38 
in  reactions  to  mild  injurious 
agents,  49 
in  tul)erculosis,  190 
Lymphocytoma,  320 
Lymphoma,  320 
Lymphosarcoma,  326 
Lymph-vessels,  27 
tumor,  319 


Malakoplakia,  580 

Malaria,  effect  on  liver,  512 
spleen  in,  010 

Male  genitals,  lesions  of,  589 

Malignancy  of  glioma,  353 
of  tumors,  20S 

Malignant  adenoma,  300,  304 
l)ustule,  153 

Mammary  gland,  adenoma  of,  377, 
003 

carcinoma  of,  379 
epithelial  tumors  of,  375 


' Mammary  gland,  infectious  lesions  of, 
003 

lesions,  002 
l)apilloma  of,  379 
toxic  lesions  of,  003 
tumors  of,  003 
Marrow.  8ee  Hone-marrow 
j Mast-cells,  24 

in  inffammation,  40 
Medullaiy  cancer  of  breast,  383 
Melanin,  112 
in  liver,  493 
in  sjdeen,  013 
Melanoblast  tumor,  340 
, Melanoblastoma,  340 
I Melanobla.sts,  112 
Melanoma,  340 
Melanotic;  sarcoma,  340 
iMeiiinges,  lesions  of,  038,  039 
syphilis  of,  228 
Meningitis,  038 
anthrax,  150 
cerebrospinal,  138 
in  typhoid  fever,  177 
iVleningococcus,  138 
Menstruation,  uterine  changes  in,  597 
Mesenteric  ljunph-nodes  in  typhoid 
fevc'r,  172 

Metastasis  of  glioma,  355 
of  lymphoblastoma,  331 
of  tumors,  200 

Micrococcus  intracellularis  menin- 
gitidis, 138 

Miliar}"  tul)ercle,  189,  190 
tuberculosis  of  kidney,  580 
of  liver,  510 

iMitosis  of  tumor  cells,  261 
Mixed  tumors,  400 

of  ectodermal  origin,  407 
of  mesenchymal  origin,  407 
of  ovary,  409 
of  testiclci,  409 
Monolobular  cirrhosis,  514 
Mucin,  101 
Mucus,  101 

Multilobular  cirrhosis,  514 
Mumps,  testicle  in,  592 
Musclc'-cells,  hyalin  in.  111 
regeneration  of,  05 
tumor,  305 

Muscle-fibcTs,  fluid  in,  95 
regeneration  of,  07 
Muscle,  repair  of,  78 
striated,  tumor  of,  343 
Myelin  as  foreign  body,  54 
Myeloblast  tumor,  334 
Myeloblastoma,  334,  010 
Mvelogenous  leukemia,  330 
Myeloma,  338,  010 
Myocarditis,  infectious,  432 
syi)hilitic,  430 
toxic,  43() 
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Myocarditis,  tuberculous,  43G 
Myocardium,  albuminous  granules  in, 
422 

anemia  of,  428 
atrophy  of,  427 
calcification  of,  427 
congestion  of,  428 
effect  of  lesions  on,  438 
fat  ill,  423 


infarcts  in,  429 
inflammation  of 
necrosis  of,  424 
rejiair  of,  434 
sclerosis  of,  437 
syphilis  of,  43() 
trichiniasis  of,  437 
tuberculosis  of,  43G 
tumors  of,  437 
Myotonies,  408 
Myxoblastoma,  2SS 
Myxoma,  288 
Myxosarcoma,  288 


See  M tjocurdilis 


Nerx-ous  system,  syphilis  of,  228 
Neuroblastoma,  355 
Neurocytoma,  355 
Neuroglia  cell  in  repair,  78 
regeneration  of,  G5 
tumor,  348 
Neuroma,  355 
amputation,  G7 
Neuron,  regeneration  of,  G25 
Neurons,  G25 

Neutroiihilic  leukocytes,  23 
Nevi,  iiigmented,  341 
New  growths.  See  Tumors 
Nipple,  cancer  of,  383 
^ Paget’s  disease  of,  G04 
Noma,  99 

Nomenclature  of  tumors,  275 
Normal  circulation,  20 
Notochord  tissue,  400 
Nutrition  ol  blood-vessels,  disturb 
ances  of,  451 


Necroiiiosis,  9G 
Necrosis,  9G 

caused  by  staphylococcus  pj’ogenes 
aureus,  127 
coagulation,  97 
demonstration  of,  32 
fat,  98 

focal,  of  liver,  518 
liiiuefaction,  98 
of  aorta,  442 
of  blood-vessels,  441 

inflammatory  reaction,  44G 
of  bone,  77,  G48 
of  brain,  G27 
of  cord,  ()27 
of  liver,  491,  494 
central,  498 
chloroform,  504 
focal,  518 
hemorrhagic,  501 
toxic,  498 

of  myocardium,  424 
effect  of,  438 
of  f)ancreas,  fat,  524 
tuberculosis,  189,  195 
Necrotic  tissue,  reinoval  of,  52 
Nephritis,  infectious,  573,  575 
toxic,  541 
tuberculous,  582 
tubular,  542 
Nephrotomes,  408 
N(‘rve-cell,  injury  of,  G25 
reg(‘nerafion  of,  Gti,  (>25 
t II (nor,  355 
N(>rves,  normal,  27 
Nervous  .systian,  central,  lesions  of, 
()24 

repair  of,  78 


Odontoblastoma,  387 
Odontoblasts,  385 
Oidiomycosis,  234 
Oidium,  230,  234 
Ophthalmia,  gonorrheal,  14G 
Organization  of  filirin,  5G 
of  lime  salts,  59 
Osseomucin,  G4 
Ossification,  119 
centers  of,  (542 
Osteoblastoma,  295 
Osteoblasts,  (54 
Osteoclasts,  (54 
Osteogenesis  imperfecta,  G46 
Ost  eoma,  295 
durum,  300 
spongiosum,  300 
Ost('omalacia,  (547 
Osteomyelitis,  130,  (548 
bone-mari-ow  in,  (509 
(')steoi)hytes,  (54!) 
Osteosarcoma,  295 
Ostitis  deformans,  (54(5 
Ovaiy,  adenoma  of,  394 
carcinoma  of,  395 
cysts  of,  (501 
infections  of,  (501 
mixed  tumors  of,  409 
teratoma  of,  109 
tumors  of,  (502 
Oviduct,  infections  of,  (500 
lesions  of,  (500 
tuberculosis  of,  GOl 


PArHYMENIXOITIS,  G39 
Paget’s  disea.s(>  of  bone,  (546 
of  nipide,  (504 
Pancreas,  adenoma  of,  391 
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Pancreas,  carcinoma  of,  391 
colon-bacillus  infection  of,  182 
concret  ions  in,  521 
epithelial  tumors  of,  391 
experimental  woi’k,  53U 
extirpation  of,  effect  of,  530 
fat  in,  520 

necrosis  of,  524 
functions  of,  529 
hemorrhage  of,  521 
hyalin  in,  521 
infections  of,  528 
lesions  of,  519 
obstruction  of  ducts  of,  523 
pigmentation  of,  521 
postmortem  changes  in,  520 
retrograde  changes,  520 
sclerosis  of,  528 
secretions  of,  529 
syphilis  of,  528 
toxic  lesions  of,  523 
tuberculosis  of,  528 
tumors  of,  528 
Pancreatitis,  acute,  524 
Papillary  carcinoma,  360,  364 
Papilloma,  358,  359 
cells  of,  362 
of  bladtler,  392,  587 
of  breast,  379 
of  larynx,  391 
of  skin,  369 

Parasitism  in  repair  of  foreign  bodies, 
53 

Parotid  gland,  mixed  tumors  of,  408 
Pearls,  epithelial,  365 
Penis,  carcinoma  of,  589 
chancre  of,  589 
lesions  of,  589 

Periarteritis  nodosa,  blood-vessels  in, 

4^ 

Pericardial  cavity,  411 
Pericarditis,  411,  412 
physiologic  effect  of,  438 
tuberculous,  415 

Pericardium,  effect  of  lesions  on,  438 
Perichondrium,  64 
Periostitis,  648 

Perithelial  angiosarcoma,  272 
Peritoneal  cavity,  lesions  of,  488 
Peritonitis,  488 
Petrifaction,  118 
Phlegmon,  135 

Phosphorus  necrosis  of  bone,  648 
Physiologic  atrophy,  83 
Pia,  lesions  of,  638 
Pigmentation,  1 1 1 
in  gastro-intestinal  tract,  480 
in  lymph-nodes,  622 
of  liver,  492,  497,  513 
of  pancreas,  521 
of  spleen,  613 
of  thyroid,  655 
43 


Pigmented  nevi,  341 
Pigments,  1 1 1 
autogenous,  112 
bile,  117 
blood,  113 
carbon,  118 
exogenous,  118 
henioglobinogcnous,  113 
in  prostate,  593 
lead,  119 
silver,  119 
tattooing,  119 
Pitting,  40 

Placenta,  infarcts  of,  604 
Placental  fragments,  retention  of,  605 
Plasma,  blood,  24 
cells,  hyalin  in,  109 
in  inflammation,  39 
Platelets,  blood,  21 
Pleural  cavitj^,  lesions  of,  477 

exiulation,  organization  of  fibrin 
in,  56 

Pleuritis,  477 
Pneumococcus,  136 
septicemia,  137 

Pneumonia,  bacillus  mucosus  cap- 
sulatus  and,  156 
lobar,  471 

and  pneumococcus,  136,  138 
lobular,  143,  467 

Pneumonic  exudation,  organization 
of  fibrin  in,  57 
Poisoning,  stomach  in,  482 
Poisons,  effect  on  bladder,  585 
on  intestine,  485 
on  kidney,  541 
on  liver,  498 
on  stomach,  482 
on  uterus,  598 

Poliomyelitis,  acute  anterior,  631 
Polymorphonuclear  leukocytes,  23 
in  inflammation,  37 
Polypi,  uterine,  598 
Postmortem  changes  in  cells,  80 
in  gastro-intestinal  tract,  479 
in  kidney,  532 
in  liver,  489 
in  pancreas,  520 
in  prostate,  593 
Pressim'  atrophy,  83 
on  brain,  630 
Primary  healing,  70 
stage  of  syphilis,  214 
syphilis,  lesion  of,  221 
Prostate,  adenoma  of,  393 
carcinoma  of,  393,  596 
corpora  amylacea,  593 
hypertroph}^  of,  595 
infections  of,  594 
lesions  of,  593 
j)igmentation  of,  593 
retrograde  changes  in,  593 
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Prostate,  tuberculosis  of,  o9o 
tumors  of,  596 

Psammocarcinoma  of  ovary,  395 
Psammoma,  273 

Pseudo-diphtheritic  inflammation,  44 
l^seudoleukemia,  326 
Purulent  exutlation,  46 
Pustule,  malignant,  153 
Pyelonephritis,  575-577 
Pyknosis,  96 


Keaction  to  infectious  agents,  33 
to  injurious  agents  within  the  circu- 
lation, 49 
to  injury,  32 

to  mild  injurious  agents,  48 
Rectum,  carcinoma  of,  388 
itecurrcnce  of  tumors,  266 
Red  blood-corpuscles,  21 
as  foreign  bodies,  55 
Regeneration  of  blood-corpuscles,  65 
of  bone  cells,  64 
of  cells,  60 

of  connective  tissue  in  tuberculosis, 
190 

of  endothelial  cells,  64 
of  epithelium,  62 
of  fibroblasts,  64 
in  tuberculosis,  189 
of  leukocytes,  65 
of  liver  cells,  162,  493 
of  muscle  cells,  65 
of  muscle-fibers,  67 
of  nervc'-cells,  66 
of  neuroglia  cells,  65 
of  parts  of  cells,  66 
Repair,  51 
ejhthelium,  62 
foreign  body  giant-cells,  52 
liealing  of  wounds,  70 
liver  cells,  62 
neuroglia  cells  in,  78 
of  blood-vessels,  447 
infectious  lesions,  456 
of  bone,  75 
of  cartilage,  78 
of  central  nervous  system,  78 
of  endocardium,  420 
of  fracture,  76 
of  kidney  cells,  63 
of  muscle,  78 
of  myocardium,  434 
organization  of  fibrin,  56 
lime  salts,  59 

I)arasitism  in  case  of  foreign  bodies, 
53 

regeneration  of,  60 
muscle-fibers,  67 
nerve-cells,  6() 
parts  of  cc'lls,  66 
removal  of  foreign  bodies,  51 


Repair,  removal  of  necrotic  tissue,  53 
liespiration,  organs  of,  diseases  of,  464 
Resim-atory  ti-act,  eijithelial  tumors  of. 

391 

R-ests,  fetal,  and  tumors,  255 
Retrograde  metamorphosis  of  tumors, 
264 

processes,  79 
amyloid,  102 
caseation,  97 
colloid,  107 
cornification,  125 
fat,  88 
fibrin,  108 
fluid,  94 
glycogen,  99 
hyalin,  108 
mucin,  101 
necrosis,  96 
petrifaction,  119 
pigments.  111 
postmortem  changes,  80 
Rhabdomyoblastoma,  343 
of  cardiac  muscle-cell  type,  343 
of  skeletal  muscle-cell  type,  346 
Rhabdomyoma,  343 
of  heart,  437 

Rhinoscleroma,  bacillus  of,  157 
Rickets,  643 

Round-cell  sarcoma,  272 
Jtubor,  34 

Rupture  of  aorta,  451 
of  artery,  451 


Sago  spleen,  612 
Salpingitis,  600 
gonorrheal,  146 
Sarcoma,  giant-cell,  273 
melanotic!,  340 
round-cell,  272 
spindle-cell,  272 
Scar,  75 
tissue,  75 

Scirrhous  (‘ancer  of  breast,  383 
Sclerosis  of  brain,  635 
of  cord,  ()35 
of  kidnc'y,  583 
of  liver,  512 
of  myocardium,  437 
of  pancreas,  528 
of  testicle,  592 
of  thyroid  gland,  659 
of  valves  of  heart,  422 
Sclerotomes,  408 

Sebaceous  gland,  epithelial  tumors 
^ of,  374 

S('(!ondary  healing,  71 
stage  of  syphilis,  214 
syj)hilis,  k'sion  of,  223 
Sc'cretions,  pancreatic,  529 
Seminal  vesicles,  lesions  of,  593 
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Septicemia,  anthrax  baeilUis,  loo 
baeillus  aorogeiies,  162 
glanders  bacillus,  160 
gonococcus,  146 

of  bacillus  mucosus  capsulatus,  157 
l)neuniococcus,  137 
staj)hylococcus,  131 
streptococcus,  135 
Sequestrum,  131 
Serous  exudation,  42 
Silver  in  tissues,  119 
Skin,  epithelial  tumors  of,  369 
glanders  in,  161 
Solitary  tubercle,  193 
Spiculated  bodies  in  spleen,  613 
Si)inal  cord,  anatomy  of,  625 
fat  in,  627 

hemorrhage  into,  628 
infections  of,  631 
lesions  of,  624 
pressure  on,  630 
sclerosis  of,  635 
syphilis  of,  634 
toxic  lesions  of,  630 
trauma  of,  629 
tuljerculosis  of,  633 
tumors  of,  638 
Spindle-cell  sarcoma,  272 
Spirochete.  See  Treponema 
Spleen,  al)seess  of,  616 
amyloid  in,  612 
anatomy  of,  610 
congestion  of,  614 
enlargement  of,  616 
fat  in,  611 
function  of,  610 
hyalin  in,  612 
hypertrophy  of,  619 
in  typhoid  fever,  175 
infarcts  of,  614 
infections  of,  615 
malarial  infection  of,  616 
pigmentation  of,  613 
retrograde  changes  in,  611 
sago,  612 
syphilis  of,  617 
toxic  lesions  of,  615 
tuberculosis  of,  200,  616 
tumors  of,  617 
Splenomegaly,  619 
Gaucher’s  type,  616 
Staphylococcus  pyogenes  aureus,  126 
experimental  injection  of,  30 
forms  of  lesion  caused  by,  129 
injury  by,  127 
reaction  to,  127 
toxin,  126 
Stasis,  bile,  495 
Stomach,  adenoma  of,  387 
amyloid  in,  480 
atrophy  of  glands  of,  479 
carcinoma  of,  387,  485 


! Stomach,  epithelial  tumors  of,  3.s7 
hemorrhages  of,  481 
infectious  lesions  of,  482 
i inflammation  of,  482 
lesions  of,  481 

I)ostmortem  softening  of,  479 
loxic  lesions  of,  482 
tumors  of,  484 
ulceration  of,  483 

Streptococcus  infection  of  blood 
vessels,  457 
pyogenes,  131 
toxin  of,  132 

Stricture  of  urethra,  146,  588 
Stroma  of  tumors,  262 
Struma  colloitles,  659 
parenchymatosa,  659 
I Sub])ericardial  ecchymoses,  412 
j Suj)puration,  46 
i Swelling,  cloudy,  88 
Syphilis,  213 
atajuired,  214 
amyloid  formation  in,  229 
congenital,  215 
lesions  of,  217 
of  adrenal  glands,  654 
of  aorta,  227,  462 
of  blootl-vessels,  225,  462 
of  bone,  228,  649 
of  brain,  228,  634 
of  central  nervous  system,  228 
of  cord,  634 
of  endocardium,  421 
of  kidney,  583 
of  liver,  227,  511 
of  meninges,  228 
of  myocardium,  436 
of  pancreas,  528 
of  pia,  639 
of  spleen,  617 
of  testicle,  591 
pathologic  histology,  221 
])rimary,  lesion  of,  221 
reaction  in,  218 
rejiair  in,  220 
secondary,  lesion  of,  223 
tertiary,  lesion  of,  223 
tre])onema  pallidum,  216 


T.vttooixg,  119 
Teratoma  of  ovary,  409,  602 
of  testicle,  409 

Tertiary  stage  of  syphilis,  215 
syphilis,  lesion  of,  223 
Testicle,  embryoma  of,  410  * 
in  mumps,  592 
in  variola,  592 
lesions  of,  590 
mixed  tumors  of,  409 
sclerosis  of,  592 
sjqihilis  of,  591 
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Testicle,  teratoma  of,  409 
tuberculosis  of,  591 
tumors  of,  592 

Thrombi,  organization  of,  5S 
Thrombus  formation  in  tuberculosis, 
194 

Thyroid  gland,  adenoma  of,  398,  659 
anatomy  of,  655 
calcification  of,  658 
carcinoma  of,  398,  660 
colloid  in,  656 
congestion  of,  655 
fat  in,  655 

follicular  distention,  659 
hypertrophy  of,  661 
retrogra(le  changes  in,  655 
toxic  lesions  of,  658 
infections  of,  658 
sclerosis  of,  659 

Tiger-lily  apj)carance  of  heart  muscle, 

Tissues,  normal,  constituents  of,  24 
Tongue,  hair}',  125 
Tonsillitis,  135 
Toxic  cirrhosis  of  liver,  504 
endocarditis,  415 
lesions  of  blood-vessels,  452 
of  cential  nervous  system,  630 
of  liver,  498 
of  pancreas,  523 
myocarditis,  430 
nephritis,  541 
Toxin,  diphtheria,  148 
of  actinomycosis,  212 
of  anthrax,  152 

of  bacillus  aerogenes  capsulatus, 
162 

mucosus  capsulatus,  156  i 

of  blastornyces,  231  , 

of  colon  bacillus,  180 
of  diplococcus  lanceolatus,  136 
of  glanders  bacillus,  158 
of  gonococcus,  144 
of  leprosy  bacillus,  204 
of  meningococcus,  139 
of  oidium,  235 
of  pneumococcus,  13() 
of  staphylococcus  pyogenes  aureus,  ' 
126 

of  streptococcus  pyogenes,  132 
of  syphilis,  217 
of  tubercle  bacillus,  186 
of  typhoid  bacillus,  164 
^ of  whooping-cough  bacillus,  183 
Toxins,  effect  on  bone-marrow,  608 
lymph-nodes,  622 
spleen,  615 
Trauma,  31 
of  brain,  (>29 
of  cord,  629 

Treponema  pallidum,  213 
description  of,  216 


Ireponema  pallidum,  endocarditis 
due  to,  421 
in  blood-vessels,  462 
in  heart  muscle,  436 
in  kidney,  583 
lesion  produced  by,  217 
location  of,  217 
reaction  to,  218 
Trichina,  243 
Trichinella  spiralis,  243 
in  myocardium,  437 
Trichiniasis,  243 
diagnosis  of,  250 
of  brain,  635 
of  myocardium,  437 
Tubal  pregnancy,  601 
Tubercle  bacillus,  184 

experimental  injection  of,  30 
conglomei-ate,  193 
miliary,  189,  190 
solitary,  193 
Tuberculosis,  184 
abscesses  in,  197 
acute  miliary,  199 
bacillus  of,  185 
calcification  in,  196 
caseation  in,  195 
chronic,  192,  199 
early  miliary  lesions,  186 
giam-cclls  in,  187 
necrosis  in,  lf)5 
of  adrenals,  654 
of  bladder,  587 
of  blood-vessels,  460 
of  bone,  648 
of  brain,  633 
of  cord,  633 
of  ei)ididymis,  591 
of  heart,  415,  436 
of  kidney,  580 
of  liver,  199,  510 
of  lungs,  201 
of  lymph-node,  201 
of  oviduct,  601 
of  pancreas,  528 
of  peritoneal  cavity,  488 
of  ])ia,  639 
of  j)rostate,  595 
of  spleen,  200,  616 
of  uterus,  598 
reaction,  18(5 

regeneration  of  fibroblasts,  189 
thrombus  formation  in,  194 
toxin  of,  186 
ulceration  in,  197 

Tuberculous  infarction  of  kidney,  581 
inflammation,  191 
neirhritis,  582 
pericarditis,  415 
Tubular  nephritis,  542 
d’umor,  a sign  of  inflammation,  35 
cells,  261 
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Tumor  cellrf,  dilTercntiatioii  of,  271 
Tumor-like  formatiou.s,  2o0 
Tumors,  2ol 
cause  of’  253 
characteristics  of,  252 
chussificatioa  of,  274 
color  of,  265 

combinations  of  types,  406 
connective-tissue,  276 
consistence,  266 
definition,  251 
diffei’entiation  of  cells,  266 
functions  of,  253 
gross  characteristics  of,  264 
heterogeneous,  269 
malignancy  of,  268 
manner  of  growth,  258 
metastases,  266 
mixed,  406 
morphology  of,  252 
multiplicity  of,  269 
nomenclature  of,  275 
of  bladder,  587 
of  bone,  650 
of  bone-marrow,  610 
of  brain,  638 
of  gall-bhulder,  519 
of  heart,  437 
of  intestine,  487 
of  kitlney,  585 
of  lung,  477 
of  lymph-nodes,  623 
of  mammary  gland,  603 
of  ovary,  602 
of  pancreas,  528 
of  peritoneal  cavity,  488 
of  pleural  cavity,  478 
of  prostate,  596 
of  spleen,  617 
of  stomach,  484 
of  testicle,  592 
of  uterus,  598 
origin  of,  254 
recurrence,  266 

retrograde  metamorphosis  of,  264 

shape  of,  265 

simple,  276 

size  of,  264 

stroma  of,  262 

structure  of,  260 

typo  cells,  270 

Turpentine  as  an  injurious  agent,  29 
Type  cells  of  tumors,  270 
Typhoid  bacillus,  162 
fever,  162 

abscesses  in,  178 
bacillus,  163 


Typhoid  fever,  bone-marrow  in,  177 
distrilnition  of  lesions,  166 
gall-bladder  in,  178 
intestinal  lesions,  168 
liver  in,  173 
lung  in,  177 
meningitis  in,  178 
mesenteric  lymph-nodes  in,  172 
reaction,  164 
spleen  in,  175 
toxin,  164 


Ulcer,  gastric,  483 
Ulceration  of  stoniacli,  483 
tuberculous,  197 
Urethra,  lesions  of,  588 
stricture  of,  146 
Uric  acid  in  circulation,  124 
Urinary  bladder.  See  Bladder 
organs,  lesions  of,  531 
tract,  colon  infection  of,  181 
Uterus,  adenoma  of,  393 
adenomyoma  of,  600 
carcinoma  of,  393,  599 
congestion  of,  597 
gonorrhea  of,  598 
infections  of,  598 
leiomyoma  of,  599 
lesions  of,  597 
placental  fragnients  in,  605 
polypi  of,  598 
toxic  lesions  of,  598 
tuberculosis  of,  598 
tumors  of,  598 


Valves  of  heart,  diseases  of,  415 
sclerosis  of,  422 
Vaquez’s  disease,  620 
Variola,  testicle  in,  592 
Vas  deferens,  lesions  of,  593 
Vascular  endothelium,  regeneration 
of,  64 

nephritis,  564 

Vegetation  of  cardiac  valves,  416 
Veins.  Sec  Blood-vessels 
tuberculosis  of,  460 
Vocal  cords,  carcinoma  of,  392 


White  blood-corpuscles,  23 
Whooping-cough,  182 
Wounds,  healing  of,  70 


Zenker’s  degeneration.  111 
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